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This is a continuation-in-part of U.S. Patent Appiw. 

10 /144,229, filed May 10, 2002, ,he entire respective disclosures of whtch are hereby 
incorporated by reference. 

rmr. n OF THE TNVFNTION 

* llke ' n a rK^pniTND OF THE 1NVF.NTION 

bete powertrainbel^e.,.,— ssi on be, K , and , be b^e, are usually renrforced ^ 

rubbers are natural or synthetic. 

rneconvenfionalprac.icebasbeen.opreparemefiberbypretreatrnent-.ba 

cornbinationofhexamefiroxymelarnmeorhexanrethylene-tetran™^ _ 

effecting a firm reinforcing bond. 

resin condensationproduc, The 
cZorisaphenol such as resorcinol, while fire most conunonly employed methylene 
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o^ethy^e^eandat.eastoneofa-orMaph.hc, ' fc ^ g reaction 

Tires typically have a construction such that a carcass, eagep 

carcass. Further, since xne unucx r •„ ;„ tP mal rubber destruction m 

compound which contains a reduced amount of carbon black PP 
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lhe carbon black content therein. Ibis aiso results in the adhesion failure and the mtemal 
lion and fine be!, separation ta tire tire during running. Therefore, tins approach ts not 

Despi.e.heirgoodabrasionresistance.radialtiresbecomennusaMesooneraanb.as 

+ ™ «t t>,P sacrifice of abrasion resistance, and the outer layer. , 

^othighabras— e. Also, approved stee, cord— 
^berismadeofambber composition conning an adhesive such as a cob*, sal. of an 

^ steel ^ These improvements, however, are not completely successful. 

app,iedmmu,ti-sta g e P rocesses,forms«auceabloc k edisocyanatebemgapl^m 
^orcinol-formaldehyde resins (RPL dip). Lis also Known to use ~^«SZ 

NO. only is it necessary ma, adhesion between rubber and metal, «*. steel or 
polymeric cord be high, but it is also necessary ma. a decrease in adhesion be as smaU a. 
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All this leads to a decrease in adhesion. .,,,;„„ mhher 

(2) Theadhesionimprovermcorporatedm^^ 

u«rease*adh^oa ^ „ „ ted into fte h^ n.gn.e in. the 
steel cord-embedding rubber. This also leads to a decrease in " . 

effecdveaddiUvestatinrprovemeadbesionofrnbbertonbrousorrnetalcordsrn 

vulcanizable rubber compositions, 

The adhesion promoter systems of the present invenbon far surpass any exbm, 
adhesionpromoters loro^ in the art for adhesion of metal and/or polymenc cord to 
vulcanizable rubber. 

cttmm AttV OF TP* INVENTION 

Jnerief ithasbeenfoundmatmenseoflongchainestemformeabyreactrngmono, 

,vmeric substrate such as metal or polymeric surfaces, particularly cords used rn 
^gXmtires.hosea.conveyorbelts.motormonrr.,— e drivers, 

laJe-containingres^ 



PO7US03/144U 

WO 03/095550 

theresin.vvi.htherestaprovidingsufficien.icnicbonding.oAereinforo.ngoords. 

^aspeo.oftheco^osiUonan^c.esd.scribedh^is.oprov.de.rad^e 
forheavyloWveb^charac^dbygoodadhesionb^eensteelorpo^enc^and 

^esionwhiietiresareinuse. A— aspeo, of the expositions and arhc,^ 

are superior in cord adhesion to rubber. 

^ n TH DESCR I ™ IHE PRETERBEP FMBODIMENTS 

Xerioeord. --^^^P— ^^r^TSl 
aesenpUon.thetetms-adhesionpromoter system" and "adhesion promote, maybeused 
interchangeably. 

to the adhesion promoter systems of the invention, !ong ehain esters are typieally 

^^^^^^^^^^^ d 

beineorporatedintonaturaland/orsynthetierubbeKs). to such a method, the earner 
nidehveryoftheactiveadhesionpromoting agents to me rubber*) In ye, another 
rennementofmeinven.ion.theadhesionpromo.ermayhefonnula.edasa polymer 

synmeUerubher.Typieaily.memasterbatehpo^erandmembhertowh.chme 
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Q w 0 2% bv weight and about 30% by weight. Typically, each 

fo Ju.es I-IV and a, adhesive resin) is present in an amount between about 0.1 A and 
^weight usualiybetweenabout^.y.andaboutiOwt.oAand.nostpreferabiy 

expressed, ^-b-d.^i-d.^totl-^P^^^*^ 
R value. Similarly, when values are expressed as V*"*^*"** 

The long chain esters may be monoesters, diesters, triestera, or m.xtures theraof, that 

none, one, two or three double bonds in the hydrocarbon chants. 
The monoesters have a formula I, as follows: 

R^-fc-O-R 1 



v • „• a C Cu alkyi preferably C 3 -C, 8 alkyi, more preferably C 6 -C, 8 alkyl, straight 

jii-* » * * 1 to 3 caibon - , °- carbon aoubieb 

The diesters have a formula II or HI, as follows: 

O o 

R4-0-C-(CH 2 ) n -C-0-R 3 (H) 
h einn-3 24 preferably 6-18, and more preferably 3-10, and R 3 and R 4 , same or different, 

or branehed, saturated or unsaturated eontannng 1 to 3 earbon-to carbon 
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(IH) 

wherein R 5 and R'. same or different, are C,C 24 ailcyl, preferably C 6 -C M ftA more 
. preferably C 8 -C,,alkyl, straight chain 
nreferablvl to 3, carbon-to-carbon double bonds; 

C„ alkyl, straight chain or branched, saturated or unsaturated containing 1 to 3 carbon-to- 
carbon double bonds; and 

R 10 and R 11 ' same or different, are C3-C24 saturated hydrocarbon -chains, preferably C3-C1 8, 
nrorepr^lyCS.s.raight^^ 

chaiJ.preferablyCS.nrore preferably OC„, straight chain or branched, contannng ! , 
6, preferably 1 to 3, carbon-to-carbon double bonds. 
The triesters have a formula IV, as follows: 

r19-oAr 18 R 12 l-0-R 13 

^R^-J-O-R 15 




R 20 R 17 , 

(IV) 

•whereinR^R-andR^, same or different, „<^^pi«C^^~- 
preferably C 8 -C 18 alkyl, straight chain or branched, either saturated or contanung 1 to 6, 
preferably 1 to 3 , carbon-to-carbon double bonds; 

S?Lr» — or differences ^.preferably CSancyUnroreprtferably 
C 6 -C 18 aKyl, straight chain orbranched, saturated or unsaturated containing 1 to 3 carbon-to- 
carbon double bonds; and . 
R-R-'andR-same or different, are C,-C 24 saturated hydrocarbon chams.preferab.yC3 
C^orepreferahlyCCs. straight chain or branched; or unsaturated C,-C 24 hydrocarbo» 
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^.eferaMyltoS.carbon-to-caAondoub^ond, R „ md R « of estOT 

The fatty acid residues or hydrocarbon chains R , R , K , k , 
of formulas I, H, HI, and IV can be any OA P referab,y U-C M , more prefer^ly C 8 -C, 8 , 
hy drocarbonchain, either saturated or containing 1 to 6, preferably 1 to 3, carbons-carbon 
doubl e bonds, derived from animal or vegetabie fatty acids such as butter, lard; tallow; 
^ease; herring; menhaden; pilchard; sardine; babassn; castor; coconut; com; cottonseed; 

fatty acids, where the number in parentheses indicates the numberof carbon atoms and «he 
n lerofdoublebonds, e . g .,(C 2 «)indica,esahydrocarbonch a inhavin g 24 carbon atoms 
wA 6 doublebonds; Hexanoic (ft* Oc.noic (C M ); Decanoic (C 1M ); Dodecanorc (C 1M >, 
9-Dodecenoic (CIS) (C,,,); Tetradecanoic (C,«); 9-Tetradecenoic (CIS) (C,«); 
Hexadecanoic (CIS) (C 16 ,); 9-Hexadecenoic (CIS) (C 1M ); Octadecanotc (C l8 .); 9- 
Octadecenoic (CIS) (C 18 .,); 9-Octadecenoic, 12-Hydroxy-(CIS) (C,, 2 ); 9. 12- 
Octadecadienoic (CIS, CIS) (C 1M ); 9, 12, 15 Octadecatrienoic (CIS, CIS, CIS) (C,. 3 ), 9 11, 
13 Oc,deca tt ienoic(C B ,TKA N S,TRANS)(C l8 . 3) ;9, 11.13 <*-"^^* 
TRANS, TRANS) (Cs-s); Octadecatetrenoic (C 1M ); Eicosanoic (C M ); ll-Etcosenoic (CIS) 
(C ,)• Eiccsadienoic ( Ca »); Eicosatrienoic (C^); 5, 8, 11, 14 Eicosatettaenotc (C JM ); 
Lo^oic^^ 

iC J,4, 8, 12, 15, 19 Docosapentaenoic (C H . 5 ); Docosahexaenoic (CW; Tetracoseno.c 

' (Cm ■)• and 4, 8, 12, 15, 18, 21 Tetracosahexaenoic (C2«). 

' 'Ex^plesofparticularlyuseMdiestersofformulanincludeasannateddieater 

formed by the reaction of sebacic acid and 2-ethylhexyl alcohol: 

CH3 CH 3 



CH 2 



I ° 1 °f 2 

^-(CH^-CH-CHa-O-C-^s-C-O-CHrCH^CH^-CHs. 

Other useful diesters falling within formula II include the saturated diester formed by the 
reaction of sebacic acid with tridecyl alcohol, 

CH3-(CH 2 )i2-0-C-(CH2) 8 -l-0-(CH 2 )i2-CH3 
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and the unsaturated diester formed by reaction of sebacic alcohol with oleyl alcohol: 



CH 3 (CH 2 )7CH=CH(CH2)7CH 2 - 



o o 

•0-l:-(CH 2 ) 8 -t-0-CH 2 (CH 2 )7CH=CH(CH 2 ) 7 CH3 



Useful cyclic diesters falling within formula III include dimerate ester structures 

preferablyC 3 -C 18 , more preferably c^-c^^^-l^^- 
unsaturated contaimng 1 to 3 carbon-to-carbon double bond, Examples 
' include the following structures, wherein the dimer acid corresponding to structure A 1S 
formedbyselfreactionoflinoleic acid, the dimer acid corresponding to structure B xs formed 
byreactinglinoleicacidwitholeicacid, and the dimer acid corresponding to structure C ,s 
formed by reacting linoleic acid with linolenic acid: 

CH 2 -CH 2 -CH 2 -CH 2 -CH 2 -CH 2 -CH 2 -COOR 

.CH 2 -CH 2 -CH 2 -CH 2 -CH 2 -CH 2 -CH 2 -COOR 



(A); 




-CH 2 -CH=CH 2 -(CH 2 ) 4 -CH 3 
CH 2 -(CH 2 ) 4 -CH 3 

CH 2 -CH 2 -CH 2 -CH 2 -CH 2 -CH 2 -CH 2 -COOR 

^ 2 -CH 2 -CH 2 -CH 2 -CH 2 -CH 2 -CH 2 -COOR 




^CH 2 -(CH 2 ) 6 -CH 3 
CH 2 -(CH 2 ) 4 -CH 3 

and 

CH 2 -CH 2 -CH 2 -CH 2 -CH 2 -CH 2 -CH 2 -COOR 
[ 2 -CH=CH-(CH 2 ) 4 -COOR 
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(B); 



-CH 2 -CH=CH-(CH 2 ) 4 -CH 3 
CH 2 -(CH 2 ) 4 -CH 3 (C); 
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wherein eachR, same or different, in formulas (A), (B), and (C) is a C 3 -C M radical, 

unsaturated containing 1 to 3 oarbon-.o-oarbon double bonds. RX-13804 ,s another example 
ofanunsaturateddiesterCdimeratees^formedbytbereaedonofapredommantlyC, 

dimer add reacted with 2-ethylhexyl alcohol. RX-13824 is an additional unsaturated tester 
(dimerate ester) formed by the reacuon of a predominantly C, 6 dimer acid with tndecyl 

alcohol. . , 

A representative example of the triester (trimerate ester) of formula IV > the 

following structure (D); 

]^^\^ CH 2 -CH=CH-(CH 2 )4-CH 3 
CH 3 -(CH 2 )4-CH 2 CH 2 -(CH 2 )4-CH 3 

(D); 

wherein each R\ R 2 , and R 3 , same or different, is a C 3 -C 24 radical, preferably C 3 -C 18 , more 
preferably CrC. straight chain, or branched, saturated or unsaturated containing 1 to 3 
carbon-to-carbon double bonds. 

A particularly useful blend of long chain esters is formed from blends of mono, duner, 
and trimer acids, for example, products having CAS* 61788-89-4. Esters prepared from 
such products are blends including, primarily, me above C* and C M dimerate and tnmerate 
esters (A), (B), (C) and (D), shown in the above structures, that is predominant* (more man 
50% by weight) the C 36 dimerate esters (A), (B) and (Q. 

Commercially available blends of useful polybasic acids that can be reacted wrth C- 

orunsatumtedcontaimng.^ca^^ 

tnmerate esters, as blends, mclude me followmg: EMPOX.^ 1010 DtaerAc^OL 
lOHDimer Acid; EMPOL® .0,6 Dimer Acid; EMPOL® 1018 Dn*er Acm; BWOI .1022 
Di merAcid;EMPOL 8 1024DimerAcid;IB 1 POLn040TrimerAcid ; EMPOL 1041 
Trimer Acid; EMPOL® 1 052 Polybasic Acid; and similar PRIPOL™ products from Umqema 
as well as UNJDYME® products from Arizona Chemical. 

Particularly useful long chain ester additives are made by reacting any of the long 
chain mono, dimer and/or trimer acids with one or more straight chain or branched C,-C M , 
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p^yC^, t m«»P^lyCrC l .^ to p^1>-^ rf ™ I ' II ' in 
and IV The above dimer, trimer, and polybasic acids are produced by dimenzmg, 
trimerizing, and polymerizing (oligomerizing) .ong chain carboxyiic acids from fte above- 
mentioned fatty acids. Thefa^acidsmaybernixn.res.Accordingly.thedirnerac.d 
prodnced by dimerizing a Q. carboxyiic acid (typically, a mixture of stearic, oleic, bnoletc, 
and linolenic), after esterification, will result in a blend of numerous dimerate and tnmerate 
esters in accordance with formulas m and IV. including saturated and unsaturated esters (,e., 
some long chair, esters may contain hydrocarbon chains having 1 to 6, generally 1 to 3, 
carbon-to-carbon double bonds). Any one, or any blend, of the esters of formulas I, n, m 
and/or IV, when combined with an adhesive resin, will function to increase the adhesmn of 
natural or synthetic rubber to metal or polymeric cord, metal or polymeric subsha.es, such as 
polymeriowovenornon-wovenfabries.andmetalflatstockmatenaU. 

^eadhesionprnmotemincludeanadhesiveresimwrnchpreferablytsacondensahon 

product of a formaldehyde or methylene donor and a formaldehyde or methylene acceptor, 
eitherpre-condenaed, or condensed m-,m while in contact with the rubber. The term 
methylene donor" is intended to mean a compound capable of reacting with a methylene 
acceptor (such as resorcinol or its equivalent containing a revive hydroxyl group) and 
genie the resin outside of the rubber composition, or Preferably, the component 

of the condensation product include a methylene acceptor and a methylene donor. The most 
commonly employed methylene acceptor isaphenol, such as resorcinol, while the most 

commonlyemployedmethylenedonorisamelamine,s«chasN-(subshmted 
oxymethyOmelamine. The effect achieved is resin formation during vulcamzahonof 

thenahber, creating abend between themetal or polymeric cords and the rubber, urespechve 
of whether the cords have been preheated with an additional adhesive, such as a styrene- 

additive/resin combinations described herein are particularly useful with steel cord, where 
adhesive pretreatment has been largely ineffective. 

Examples of methylene donors which are suitable for use in the rubber composes 
disclosed herein include melamine, hexamemylenetehamine, hexaethoxymethyhnelamme, 
hexamethoxymethylmelamine, lauryloxymethyl-pyridmium chlonde, ethoxy- 
raethylpyridinium chloride, rtoxanhexamemoxy-memylmelamine, me hydroxy groups of 
w hich may be esterified or partly esterified, and polymers of formaldehyde, such as 
paraformaldehyde. In addition, the methylene donors may be N-subsututed 
oxymethylmelamines, of the general formula: 

-11- 
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R4 CH 2 OX 



R 5 - 



wh ereinXis.a,ky,havmgh.mito8^^^ 

•he group -CH 2 OX. Specific ethylene donors include h exa k is(me«hox ym e ttiyl )melar„ 1 ne ; 

Molm^ ^ 
methylol derivatives of melamine are prepared by known methods. 
^.firatarepresentinU.en.bbercompositionmayvary. TypicaUy>e arnount of pre- 

^ut^^oreaebcanbeaddenseparateiyinan — of about 0 « to about 0.0 A 
based onthe weight of natu ^ a,d/or synmefic rubber in m e ^tron. Prefer*^ 

^composition. The weight ratio of methy.ene donor to the methylene acceptor may 
vary. Generally speaking, the weight rafio will range from about 1:10 to about 10:1. 
Preferably, the weight ratio ranges from about 1:3 to 3:1. 

Resorcinol-freevulcanizahle rubber compositions also are usefulmthe rubber 

bomherebyincorporatedbyreference. The ^patent discloses vulcanizab* rubber 
eonrposifions contain ^ 

melamine, acetoguanamine, cyclohexylguanamine, benzoguanamme, and smular aUryl, aryl 
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OT aralkyl substituted melamines, g.ycoluril and oligomers of these compounds, Inparucular, 
the adhesive resins and adhesive compounds which are useful as the adhesive resins in the 
mbber compositions described herein inch.de to following: adhesive resins selected from 
the gronp consisting of derivatives of melamine, acetoguanamine, bervzoguanamme, 
cyclohexylguanamine and glycoluril monomers and oligomers of these monomers, winch 
have been substituted on average at two or more positions on the monomer or on each nmt of 
the oligomer with vinyl terminated radicals, tire vulcanizable rubber composition bemg free 
of resorcinol; and, these derivatives which have been mrther substituted on average at one or 
more positions with a radical which comprises carbamylmethyl or amidomethyl. 

Further, the adhesive resin can be any of the compounds of the following formulas: 

A 



v 



R 



/ \ -'r 

R R 
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CH-CH 



CH-CH 
R — N-R 

. s . 



and positional isomers thereof, cpWte d from 

wneL^eachmonomerandineachpolymenze^umtoftheohgom^ 

methyl, phenyl and cyclohexyl, and, on average, 

at least two R are -CH2-R 1 , 

and any remaining R are H, and 

at least 2 R 1 are radicals selected from: 

CH 2 =C(R 2 )— C(O) — O— , 

CH 2 =C(R 2 >-C(0)-Z, 

CH 2 = C(R 2 )-C(0) - NH — and 

CH 2 =C(R 2 )— CH 2 — O— , 
wherein R 2 is hydrogen or Cl -C 18 alkyl, and Z is a radical selected from: 

—O— CH 2 — CH(CH 3 >— O— , 
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__0_CH2— CHz— CH 2 0— , and 
—O— CH(C 2 H 5 )— O— , and 
any remaining R 1 radicals are selected from 
— O — R 3 , 

— NH — C(O) — OR 4 , and 
— NH — C(O) — R 4 , and 
wherein R 3 is hydrogen or R4, and 

R, is a C,-C 18 allcyl, alicyclic, hydroxyalkyl, alkoxyalkyl or aromatic rascal, and 

in the oligomers, 

Pis 2 to about 10, and 

L is methylene or the radical 

— CH 2 — O— CHz— • 

These adhesive compounds are particularly useful, wherein on average at least one R m each 
monomer or in each oligomerized unit is NH C(O) OR 4 , 
particularly the compounds of the following formulas: 



/ R 



/ \ 

R R 



Particularly useful adhesive resins include the above formulas wherein on average, a 
least one R radical in each monomer or in each oligomerized unit is 

— CH 2 —NH— C(0) -OR 4 , 
wherein R 4 is a Ci-Cis alkyl, alicyclic, hydroxyalkyl, alkoxyalkyl or aromatic radical, and 
wherein, on average, at least two R radicals are selected from 
CH 2 = C(CH 3 )— C(0)0-C 3 H6 O CH 2 
and 
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CH 2 = CH 2 — C(0)0— QH4 — O-CHz— 
and at least one R radical is selected from 

_ C H 2 — NH-€(0>-0— CH 3 , and 

__ CHr - NH — C(O) — O — C3H7. 
These adhesive resins and compounds can include additional additives, particularly 
those selected from hydroxymethylated and alkoxymethylated (alkoxy having 1-5 carbon 
atoms) derivatives of melamine, acetoguanamine, benzoguanamine, cyclohexylguanamme 
and glycoluril and their ohgomers. 

Additions adhesive resin. useful in .he rubber compositions described herem tnclude 
self-condensing alkyjated triazine resins selected from the group consisting of (.), (n), and 

(UI): W a self-condensing alkylated triazine resin having at least one of imino or 
methylol functionality and represented by the formula (I) 




R'OCH^ ^J~<-^^ -CH2OR 1 



(D 



(ii) an oligomer of (i), or 

(iii) a mixture of (i) and (ii), wherein 

Z is -NCRXCHaOR 1 ), aryl having 6 to 10 carbon atoms, alkyl having 1 to 20 carbon 

atoms or an acetyl group, 

each R is independently hydrogen or -OfcOR 1 , and 

eachR' is independently hydrogen or an alkyl group having 1 to 12 carbon atoms 
provided that at leas, one R is hydrogen or -CH 2 OH and a. leas, oneR is selected 
from the alkyl group; and 

wherein the vulcanizable rubber composition is substantially free of methylene 

acceptor coreactants. . 

These adhesive resins are particularly usefid wherein at least one R group ts hydrogen 
and/or wherein at leas, one R' group is a lower alkyl group having 1 to 6 carbon atoms, 
particularly where the adhesive resin is a derivative of melamine, benzognanamme, 
cyclohexylgnanamine, or acetoguanamine, or an oligomer thereof. 
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One par.icu.ariy useful alkylated triazine adhesive resin of the above formula is 

wherein Z is -NCRXCrfcOR 1 ). 

Anothermannerefeliminatmgresoroinolmanadhesiveresmforrubber 

compositions, also nseml herein, i s N <su bS ,i ta ,edox ym e,h y ,) m e,a m ineandaUea,toneof a - 

or p-naphthol. This adhesive resin enrp.oys d,e nronohydrie phenols, a- or P -naphnrol as 

.nethy.ene aoeeptors in ,he resin fonning reaction during vuleanization in the ahsenee of 

"Lradhesiveresinsusefulintheruhberconrposinonsdescribedhereta 

Lt70%hu,ad i ene, about 1S H^-^13H*«*»>^«^"^ 
atices; and styrene-butadiene rubber latice, These oanbe used as such or m— on 

lo eanoL j^^^n*^^*^***?* 

resorcinol-formaldehyde resins (RFL dip). Additional useful adhesive resins ^f^*^ , 
oombinationsof^dipswidnonreradhesion-pronroting substances sue .as, for examples 
reaotionproductof.nanyleyanurate.resorcinolandfornraldeh^ 

resorcinol and formaldehyde. e/ ^«i 
Othersuitableadhesiveresinsforuseinfterubberandadhesionpronrote^de^ 

melamineformaldehyderesins.alkydresins.polyesterreains.andurehke. 

Typically, in the adhesion promoter systems, at leas, one ester compound m 

respectively) and about 1 part ester to about 10 parts resin (,e., araho of about 1.10 ester to 
^respectively). More preferably, the e^ers are combined wim an ad^e^^ 

,o about 4 parts resin. Most preferab,y, the ratio of ester to adhestve ream „ approxtmately 
one to one in the adhesion promoter systems of the mvenhon. _ 

The initial work with the long chain esters involved testing the esters tn mdustnal 
rubber belts containing polyester cords for automotive power train system, An nrrporiant 
part oftheconshuc,ionofautomotivebel te ismebondin g of the rubber to polyester cord. 



-17- 



PCT/US03/J4411 

WO 03/095550 

PoWester cord is used ,o provide streng* and .ongevity to the belt, The poller of choice 
Polyester coru v rcox\^A\ This nolvmer is excellent 

foran.omotivebeltsisethyle„e/ P ropylene/dienepolymer(EPDM). Thrspolym 

po,yes,er cord. Rubber companies go to great iengths to insure the proper adhesron betw 

lI.eaiadhesiveooa.edcordis.henbondedto^BPBM dunng *e cunng process. 
This is a time-consuming and expensive method to achieve rubber-to-polyester cord 

of polyester cord to EPDM. 

Other examp.es of substrates which are contended for use m the mvenhve 

invention inc.ude stee., brass-coated stee., brass, and copper. Adheston to glass substrates 

Lr«l,g,ass cord, fabric and fla , meta. smfaces, and me .i k e. m me present app~ 

particutelycordsforusembuildrngmecarcassesofm^auchasmrckmes 

T nepo.vmericremforcm g e,emen,orco r dcomprisesap.u ra U^ofsubs to «a,.y 
continuous fibers or m ono fi ,amen«, mc.uding giass compositions, po.yesters, po y^r e 

cords for po.ymeric rubber composifions and products are W eU known m the art. Oneofthe 

rneumadcWC.ark.Nafion^ 

Commerce, issuedNovember.97.,pages 24.-243,290 a nd29 1 ,mcorporatedh«emhy 

rZccVhenmnberoffi— ^^^^^^ 
cord can vary considerab.y depending on the u.timate use or serv.ce reomrements. Ukewrse, 

passengerc^tirecanvaryfiomabontSOOtoS.OOOandmenumberofshandsmme 
IT, inge.emen, can vary from.to.0. Preferab.y me number of sbands ts from lo 7 
Ithe tota.numberoffi,amen,s about 2,000. A representative « g.ass fire ^d 
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known as G-75 (or G-75, 5/0) has 5 strands each with 408 glass filaments. Another 
representative cord known as G-l 5 has a single strand containing 2,040 glass filaments. 

The adhesive promoters of the invention can be used in numerous applications, 
including bondingthe steel braidto the natural and/or synthetic rubber material of hoses and 
the metal housing of motor mounts. 

The term "vulcanization" used herein means the introduction of three dimensional 
cross-linked structures between rubber molecules. Thus, thiuram vulcanization, peroxide 
vulcanization, quinoid vulcanization, resin vulcanization, metal salt vulcanization, metal 
oxide vulcanization, polyamine vulcanization, radiation vulcanization, 
hexamethylenetetramine vulcanization, urethane cross-linker vulcanization and the like are 
included in addition to sulfur vulcanization which is usual and most important. 

Rubbers useful in the compositions described herein can be natural rubbers (NR) 

and/or synthetic rubbers. 

Synthetic rubbers include homopolymers of conjugated diene compounds, such as 
isoprene, butadiene, chloroprene and the like, for example, polyisoprene rubber (IR), 
polybu.adienerubber(BR),polychloroprenerubberandmelike;copolymersoftheabove 

described conjugated diene compounds with vinyl compounds, such as styrene, acrylomtnle, 
vinyl pyridine, acrylic acid, methacrylic acid, alkyl acrylates, alkyl methacrylates and the 
like for example, styrene-butadiene copolymeric rubber (SBR), vinylpyridine-butad.ene- 
styrene copolymeric rubber, acrylonitrile-butadiene copolymeric rubber, acrylic ac.d- 
butadiene copolymeric rubber, methacrylic acid-butadiene copolymeric rubber, methyl 
acrylate-butadiene copolymeric rubber, methyl methacrylate-butadiene copolymer* rubber, 
acrylonitrile-butadiene-styrene terpolymer, and the like; copolymers of olefins, such as 
ethylene propylene, isobutylene and the like with dienes, for example isobutylene-.soprene 
copolymeric rubber (I1R); copolymers of olefins with non-conjugated dienes (EPDM), for 
example, ethylene-propylene-cyclopentadiene terpolymer, ethylene-propylene-5-ethyhdene- 
2-norbomene terpolymer and ethylene-propylene-l,4-hexadiene terpolymer; polyalkenamer 
obtained by ring opening polymerization of cycloolefins, for example, polypentenamer; 
rubbers obtained by ring opening polymerization of oxirane ring, for example, 
polyepichlorohydrin rubber and polypropylene oxide rubber which can be vulcanized wrth 
sulfur, silicone rubbers, and the like. Furthermore, halides of the above-described vanous 
rubbers, for example, chlorinated isobntylene-isoprene copolymeric rubber (CI-IIR), 
brominated isobuty.ene-isoprene copolymeric rubber (Br-IIR), fluorinated polyethylene, and 
the like are included. 
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Particularly, the composition, described herein are characterized in that the surfaces 
of the vulcanized rubbers of natural rubber (NR), and synthetic rubbers, e.g. styrene- 
butadiene copolymeric rubber (SBR), polybutadiene rubber (BR), polyisoprene rubber (IR), 
isobutylene-isoprene, copolymeric rubber, halides of these rubbers (Cl-im, Br-IIR) and 
copolymers (EPDM) of olefins with non-conjugated dienes, which are poor in the adhermg 
ability, are improved to provide them a high adhering ability. Of course, the present 
invention can be applied to the other rubbers. All these rubbers may be kneaded w.to 
compounding agents conventionally used for compounding with rubber, for example, fillers, 
such as carbon black, silica, calcium carbonate, lignin and toe like, softening agents, such as 
mineral oils, vegetable oils, prior to the vulcanization and then vulcanized. 

The vulcanized rubbers, toe surface of which has been treated with the adhesron 
promoter systems described herein can be easily adhered to the other materials, together w,to 

an adhesive resin, particularly metals and polymers, particularly in cord form. 

In order to cure a rubber composition a vulcanizing agent such as a sulfur orperox.de 
vulcanizing agent is dispersed throughout toe composition. TTte vulcanizing agent may be 
used in an amount ranging from 0.5 to 6.0%, based on toe weight of toe natural and/or 
synthetic mbbers in toe composition, with a range of from 1.0 to 4.0% being preferred. 
Representative examples of sulfur vulcanizing agents include elemental snlfirr (S 8 ), an amme 
disulfide, polymeric polysulfide and sulfur olefin adducts. Preferably, toe sulfur vulcamzmg 
agent is elemental sulfur. 

Other suitable vulcanizing agents include thiuram, quinoid, metal salt, metal ox.de, 
polyamine, vulcanization, radiation, hexamethylenetetramine, uretoane cross-linker, and toe 
like. Typical examples of peroxide vulcanizing agents include dibenzoyl peroxide and 
di(tertiary-butyl)peroxide. • 

The commonly employed carhon blacks used in conventional rubber compoundmg 
applications can be used as the carbon hlack in this invention. Representative examples of 
such carbon blacks includeN110,N121,N220, N 231 > N234,N242, N 293, N 299,S315, 

N326 N330,M332,N339,N343,N347,N351,N358 andN375. 

' The rubber compositions described herein are compounded by methods generally 
known in toe rubber compounding art, such as mixing the various sulfur-vulcamzable or 
peroxide-vulcanizable constituent mbbers with various commonly used additive matenals 
such as, for example, sulfur donors, curing aids, such as activators and retarders and 
processing additives, such as oils, resins including tackifying resins and plastazers, fillers, 
pisnents, fatty acid, zinc oxide, waxes, antioxidants and antiozonants, retarders and pepttzmg 
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agents. As known to those skilled in the art, the additives mentioned above are selected and 
commonly used in conventional amounts for tire tread applications. Typical amount of 
adhesive resins, comprise about 0.2 to about 10%, based on the weight of natural and/or 
synthetic rubbers, usually about 1 to 5%. 

Typical amounts of zinc oxide comprise about 2 to about 5%. Typical amounts of 
waxes comprise about 1 to about 5% based on the weight of natural and/or synthetic rubbers. 
Often microcrystalline waxes are used. Typical amounts of retarders range from 0.05 to 2%. 
Typical amounts of peptizers comprise about 0.1 to 1%. Typical peptizers may be, for 
example, pentachlorothiophenol and dibenzamidodiphenyl disulfide. All additive 
percentages are based on the weight of natural and/or synthetic rubbers. 

Accelerators may be used to control the time and/or temperature required for 
vulcanization and to improve the properties of the vulcanizate. The accelerator(s) may be 
used in total amounts ranging from about 0.5 to about 4%, preferably about 0.8 to about 
1.5%, based on the weight of natural and/or synthetic rubbers. Suitable types of accelerators 
that may be used are amines, disulfides, guanidines, thioureas, thiazoles, thiurams, 
sulfenamides, dithiocarbamates and xanthates. If included in the rubber composition, the 
primary accelerator preferably is a sulfenamide. If a second accelerator is used, the 
secondary accelerator is preferably a guanidine, dithiocarbamate or thiuram compound. 

When the adhesion promoter systems containing a long chain ester and an adhesive 
resin are used as a wire coat or bead coat, e.g. , for use in a tire, the adhesion promoter system 
typically does not include an organo-cobalt compound, and may be used in whole or as a 
partial replacement for an organo-cobalt compound which serves as a wire adhesion 
promoter. When used in part, any of the organo-cobalt compounds known in the art to 
promote the adhesion of rubber to metal also may be included. Thus, suitable organo-cobalt 
compounds which may be employed, in combination with the non-cobalt adhesion promoter 
systems containing long chain esters described herein, include cobalt salts of fatty acids such 
as stearic, palmitic, oleic, linoleic and the like; cobalt salts of aliphatic or alicyclic carboxyhc 
acids having from 6 to 30 carbon atoms; cobalt chloride, cobalt naphthenate; cobalt 
carboxylate and an organo-cobalt-boron complex commercially available under the 
designation Comend A from Shepherd Chemical Company, Cincinnati, Ohio. 
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Comend A is believed to have the structure: 




wherein each R, same or different, is an alky, group having from 9 to 12 carbon atoms, and B 
is a hydrocarbon chain, C 4 -C M , straight chain or branched, saturated or unsaturated. 

Amounts of organo-cobalt compound which may be employed depend upon the 
specific nature of the organo-cobalt compound selected, particularly Ore amount of cobalt 
metalpresentinmecompound. Since the amount of cobalt mefcl varies considerably m 
organo-cobalt componnds which are suitable for use, it is most appropriate and convenient to 
base the amonnt of the organo-cobalt componnd utilized on the amonnt of cobalt metal 
desired in the finished composition. Accordingly, it may in general be stated that if an 
organo-cobalt componnd is inclnded in the robber composition, the amount of organo-cobalt 
compound present in the stock composition should be sufficient to provide from about 0.01 
percent to about 0.35 percent by weigh, of cobalt metal based upon total weightof the rubber 
in the composition, with the preferred amounts being from about0.03 percent to abou,0.2 
percent by weight of cobalt metal based on the total weight of rubber in the composmon. 

The adhesion promoters described herein are especially effective in compositions m 
which the rubber is cis-polyisoprene, either natural or synthetic, and in blends containing at 
bast 25% by weight of ds-polyisoprene with other robbers. Preferably the rubber, if a blend, 
contains at least 40% and more preferably at least 60% by weight of cis-polysoprene. 
Examples of other rubbers which may be blended with cis-polyisoprene include poly-1,3- 
butadiene, copolymers of 1,3-butadiene with other monomers, for example styrene, 
acrylonitrile, isobutylene and methyl methacrylate, ethylene/propylene/diene terpolymers, 
andhalogen-eontainingmbberssuchaschlorobu.yl.bromobutylandchloroprenembbers 

The amount of sulphur in the composition is typically from 2 to 8 parts, for example 
from 3 to 6, by weight per 100 parts by weight of robber, bo. lesser or larger amounts, for 
example from 1 to 7 or 8 parts on the same basis, may be employed. A preferred range ,s 
from 2 5 to 6 parts per 100 parts by weight of rubber. 

Additional examples of vulcanization accelerators which can be used in the rubber 
compositions described herein are the thiazole-based accelerators, for example 2- 
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m e rc ap,obenzo«biazole,bis^^ 

tWo) ,Lomiazo,e,ben^^^ 

sulph enannde,N-tert-bu«yl^^ 

sulphide, and 2(morphoUnotWo)benzothia Z o.e, and thiocarbamylsulphenanndes, for 
example N,N-dimethyl-N',N'-dioyclohexylthiocarbamoyl-sulphenannde and 

N(moI pholinotmocarbonyuh^^ 

ma ybeused. In«he compositions described herem, mese vmc^^^^^ 

10 and more preferably from 0.5 to 0.8, parts by weigh. per,00 parts by we lg h. of rubber. 
The adhesion promoters deseribed herein are very effeetive in promotmg bonding 

The brass typically has a eopper eon.ent of from 60 to 70% by weight, more espectaUy from 
63 to 68% by weigh,, with the optima pereentage depending on me particular eondmons . 

of, for example, from 0.05 to 1 mierometer, preferably from 0.07 to 0.7 micrometer, for 
example from 0.15 to 0.4 micrometer. 

The long ehain ester additive/resin combinations (i.c, adhesion promoter systems) 

adhesivepretreatment hasbeen largely ineffective. Rubber can also be bonded effectively to 

cobalt, nickel or iron. 

Forbonding rubber to zinc, as for example in bonding rubber to zmc-coated steel 
cords(which are widely used in the manufacture of conveyor belting) cobalt compounds have 

the cobalt-boron complexes described in GB 2 022 089 A. 

Vulcanization of the rubber composition described herein is generally earned out at 
conventional temperatures ranging from about ,00-C. to 200°C. Preferably £ 
vufcanizationis conducted a, temperatures ran^ng from abon, U0»C. to 180»C Anyone 
nsualvnlcanizationprocessesmayhensedsuchasheatinginapressormold.heatingw.m 

superheated steam or hot air or in a salt bath. 

Upon vulcanization of the rubber composition at a temperature rangmg from 100 C. 
, 0 200"C.,thembbercompositioncanbeusedforvariouspur P oses. For example, the 
vufcanizedrubber composition maybe inthe form of atircbelt, hose, motor mounti .gaskets 
and air springs. Inthe case of a tire, it can be used for various tire component Such tires 



BNSDOCID: <WO 0309S5S0A1J_> 



WO (13/095550 



PCT/US03/14411 



canbe built, shaped, molded and curedby various methods which are known and wm be 
.adilyapparenttothosehavingskillin such art. When the mbber composes used m a 
to its use may be inawire coat, bead coat, bead, apex, sidewall and combinabon thereof. 
As can be appreciated, the tire may be a passenger tire, aircraft tire, truck tire, and 
Preferab.y.metoisapassengerto.Thetomayaisobearadiaiorbras.w.marad.alto 

being preferred. 

Theinventionma^ 
which parts and percentages are by weight unless otherwise indicated. 

In Part I of this project, compounds were mixed into existing EPDM recipes and 
tested for adhesion. The following varieties were tested: 



Variable 



Example 1 



Cyrez® 

CRA- 

133M 



Example 2 



Cyrez® 

CRA- 

148M 



Example 3 



Control- 
Current 
EPDM 
Formula 



Example 4 



Cyrez® 
CRA- 
133M/ 
RX-13804 



Example 5 



Cyrez® 
CRA- 
148M/ 
RX-13804 



^^^^ calcium sihcate 

CvL® CRA-148M - Melamine-formaldehyde resin with 27% calcium silicate 
ST3804^Di-2-eth y lhexyl dimerate (EMPOL 1016 dimer acid esterified with 2-ethylhexyl 
"nig predominantly C 36 dimer acids and C 54 trimer acids, — g bo h 
^LunsaLated long chain (C,C t8 ) radicals wim 0, 1, 2, and/or 3 camon-to-c^ 

double bonds. 

The melamine-formaldehyde resins are known as adhesion promoters in the to 
industry. The need for rubber-to-cord adhesion generally requires the presence of a 
methylene donor/methylene acceptor resin system, as described above. The byptcal system 
consists ofhexakismedtoxymemylmelamineCHMMM) as me donor andaNovo.ak ream 
(such as resorcinol) as the acceptor. 
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The table below shows adhesion 



Results 

results with polyester cord in Examples 1-5. 



Example 1 : 
(Cyrez® CRA-133M) 



Example 2: 
(Cyrez® CRA-148M) 



Compound Variable 



Example 3: 
(Control) 



Example 4: 
(Cyrez® CRA-133M / 
RX-13804) 




23.48 



21.57 



2.91 



22.21 



48.76 



Example 5: 
(Cyrez® CRA-148M / 
RX-13804) 



47.70 



10.21 



14.21 



The co»t r o 1 (Exa m p 1 e3)wasEPDM W i«h t hepol y e S te r cordpr^ate d w^ a 

„ i ' \ tv,<» «r,lvp«;ter cord used in Examples 1 , 2, 4, ana d wuc ^ 

Carolma). The polyester cord u ^ me lamine 

compounds containing only resin. .„ T »M«I- 
The formulation and data collected for Examples 1-5 are shown m Table I. 
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Nordel IP3720 (EPDM) 
N762 Carbon Black 
Kadox 930 Zinc Oxide 
Ricon 150 
SR350 

Cyrez® CRA-133M 
Cyrez® CRA-148M 
RX-13804 
Subtotal 

jv/fTI T ADDITION 

Vulcup 40KE 
Total 



Example 1 

100.00 
56.00 
5.00 
5.00 
4.00 
7.00 



177.00 



TABLE I 
Example 2 



7.00 
184.00 



7.00 
177.00 



184.00 



Examples Example 4 Examples 



170.00 



7.00 



10.00 
187.00 



177.00 



194.00 



7.00 
10.00 
187.00 



194.00 
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Adhesion Promoter 
PART II 



Based on Part I results which show improved adhesion of EPDM rubber to polyester 
cord, the resin/ester combination was evaluated in a standard natural rubber compound used 

for metal cord adhesion. 

The compounds tested in this study were varied in ester content, with resm content 
kept constant. The following Tahle H lists the adhesion results for original, air oven agmg, 
and humidity aging, in Examples 6-12, with parts by weight of resin and ester set forth .n 
parentheses. 
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§ 1 

u - s 2 ! 
&f Sis 


S o 

j 


3 a 3 


Cyrez® CRA- 

148M(8)/SM 

RX-13804(2) 




£ a " 


Cyrez® CRA- 1 

148M(8)/SM 

RX-13804(4) 


Example 10 

138.6 I 
100 


g * * 


Cyrez® CRA- < 

148M(8)/SM 

RX-13804(6) 


Example 9 

162.6 1 
100 


po r~- t- 

• -j S; "? 


lis 


Example 8 

162.7 
100 


°i t- g° 
3§ « "? 


Cyrez® CRA- ' 
148M 


Example 7 
156 1 


"1 m f° 

> gj S "7 


Standard 1 
Resorcinol 
;3.85)/melamine 
formaldehyde 


Example 6 
176.2 


1UU 

105.6 
99 

I -40 


Recipe Variable ! 


Adhesion to 
Steel Cord 

Original 
Properties: 

Max. Force, 
lbs. (avg.) 

1 Average 


1 Coverage, % 
Air Oven 
Aging: 48 hrs. @ 
121°C(250°F) 

Max. Force, 
lbs. (avg.) 

Average 

Coverage, % 

Force Change, % 
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■3 

2 | 2 

si "e 

illfg ^ 

stale 


152.7 
99 
-5.7 


148.6 
95 
-8.3 


ill 1 


136.9 
100 
-18 


125.3 
90 

__ - 25 


8 If 
its 


137.7 
100 
-0.65 


116 8 
90 
-16 


r H ^ 

ill 


Example 9 

160.3 
100 
-1.4 


115.3 
90 

j ' -29 


5 00 s 

In 


Example 8 

130.4 
100 
-20 


130.2 
93 
-20 


2 

II 


Example 7 

119.7 
98 


On 0\ 
1 -j: JC1 rn 
•) On ' 


1 « 

- 5 & 
— 1 0 "3 "S 
^ « 1 -3 

S S STL £ S 


Example 6 

152.3 
100 


123.7 
88 


Recipe Variable 5 

■- 


Adhesion to 
Steel Cord 
Humidity 
Aging: 7 Days 
@94°C(200°F) 

Max. Force, 
lbs. (avg.) 

Average 

j Coverage, % 


Force Change, % 
Humidity 
Aging: 14 Days 
@94°C(200°F) 

Max. Force, 
lbs. (avg.) 

Average 

Coverage, % 

Force Change, % 
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Cyrez® CRA-148 

M(8)/SM 

RX-13804(6)/ 

Sulfur(8.4)/Vulkacit 

f0.75) 


127.3 
93 

-21 1 


Cyrez® CRA- I 

148M(8)/SM 

RX-13804(2) 




Cyrez® CRA- 

148M(8)/SM 

RX-13804(4) 


Example 10 

90.3 
83 
-35 


Cyrez® CRA- 

148M(8)/SM 

RX-13804(6) 


Example 9 

107.9 
77 
-34 


ill 


Example 8 

82.6 
70 
-49 


Cyrez® CRA- 
148M 


Example 7 

64.4 
75 
-59 


Standard 

Resorcinol 

(3.85)/melamine 

formaldehyde 

(4.23) 


Example 6 

101.4 
87 
-43 • 


Recipe Variable 


Humidity 
Aging: 21 Days 
@94°C(200°F) 

Max. Force, 

IDS. \av£.) 

Average 
Coverage, % 
Force Change, % 
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The original wire corf adhesion results show the standard formulation to have slightly 
higher adhesion than formulations oontaining resin/ester combinations. The formulations 
containing resin/ester combinations are all very similar exeept for the resin/ester combinatron 
of 8/4. At this time, the reason why this formulation has poorer original adheston is not 

taOWn The humidity aging results are interesting in that Examples 9, 11 and 12 have the 
highest force levels and lowest percent change torn the original. Example 12 has a 50% 
increase in coring agent amonnt to offset the addition of ester to the compound. Tins' 
formulation had the highest force recorded and the least change from the original adhesmn. 
This suggests that an increase in the amount of curing agent can, along with the resm/ester 
combination, improve aged adhesion. All the resin/ester compounds except for Example 8 
(resin 8/ester fi> exhibited lower changes in recorded force than the standard compound. 
The formulation for Examples 6-12 are shown in Table ffl. 
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u ^ S 2 1 

b !*J -3 ^ 


5 5 - 5 


16 
73.6 
1.6 
5.3 
6.7 

26.7 


l|l I 


) r~; ro ON 


15.8 
38.8 
1.8 
4.9 
6.2 

31.6 


ill ! 

Hi 


| s s ^ «*» 


15.7 
22.2 
1.8 
4.4 
5.5 

37.5 


ill 


Example 9 

59.7 

2.2 
2.8 


14.8 
24.6 
1.8 
4.7 
5.8 

35.2 


iif 
if? 


Example 8 

57.9 
1.9 
2.2 
2.8 


14.1 
23.6 
1.8 
4.7 
5.8 

35.2 




Example 7 

67.9 
1.8 
2 


16.9 

1.8 
4.5 
5.6 

j 36.4 


! ! 
it! 


Example 6 1 

70.2 
1.4 


16.6 
47.5 
1.4 
5.3 
6.7 

j 25.6 


Major Variable 1 

] 


Viscosity and 
Curing Properties 

Mooney Viscosity 
@168°G(335°F) 

Min. Viscosity 

1 15, minutes 

I tlO, minutes 


t35, minutes 
Oscillating Disc 
Rheometer at 
168°C (335°F) 

M L 

M h 

ts2, minutes 

tc(90), minutes 

1.25*fc(90), 
minutes 

Cure Rate Index 
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Tne use of the resin/ester combination in a sulfur-cured natural rubber formulation 
can improve wire cord adhesion after heat aging and humidity aging as compared to a 
standard natural rubber formulation. 

In order to verify that the increased cure system of Example 12 was not solely 
responsiblefortheinereasedadhesionperformanceofExampleU.anadditional 
formulation, Example 1 3, was tested. Tie only difference between Examples 6 and 13 rs fh* 
Example 13 has a 50% increase in the amount of cure system additives (Sulfur and Vulkacrt). 
Table IV provides comparative data which demonstrates that increasing the cure system of 
the "control compound" (,, , the prior art formu,a»ion of Example 6) by 50% does no, lead to 
an increased adhesive effect. Accordingly, the* data confirm that the increase in adhesron 
observed in Example 12 cannot solely be attributed to the increased amount of cure system 
additives, i.e., the increased adhesion is due to the adhesion promoter. 
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Recipe Variable 



TABLE IV 



Pennacolite (3.85)/ 
Resimene (4.23)/ 
Sulfur (8.4)/ 
Vulkacit (0.75) 

Example 13 

100 



SMR-L 
N326 
Kadox930 
Cobalt Napthenate 

Stearic Acid 

Santoflex 13 

PVI 

Pennacolite (3.85)/ 
Resimene (4.23) 

Cyrez® CRA-148M 
SMRX-13804 

Subtotal 

Mill Addition 

Sulfur 
Vulkacit 

Total 



60 
.10 

2 

1.20 

1.00 

0.20 

8.08 



182.48 



8.40 
0.75 



191.63 



Pennacolite (3.85)/ 
Resimene (4.23) 
"Control" 

Example 6 



8.08 



182.48 



5.60 
0.50 



188.58 



PCT7US03/14411 



Cyrez® CRA- 
148M(8)/SMRX- 
13804(6)/ Sulfur (8.4)/ 
Vulkacit (0.75) 

Example 12 



8.00 
6.00 

188.40 



8.40 
0.75 



197.55 
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TABLEIVICONT, 



Major Variable * 

S 


ennacolite (3.85)/ * 
tesimene x 
Julfur (8-4)/ ' 
/ulkacit (0.75)' 


ennacolite (3.85)/ <- 
.esimene (4.23) 1 
Control" J 


yrez® CRA- 
48M(8)/SMRX- 
3804(6)/ 
ulfur (8.4)/ 
/i,lkacit(0.75) 


p — „cc: n p Properties 
Viscosity and Curing 


Example 13 1 


Example 6 : 


Example 12 


Properties - 

Mooney Viscosity at 168"C 
(33S°F) 

Minimum Viscosity 

t5, minutes 
tlO, minutes 


69.3 

1.3 
1.6 
2.3 


77.2 

1.2 
1.3 
1.9 


66.4 

1.3 
1.6 
2.2 


t35, minutes — 

Oscillating Disc Rheometer ai 
168°C (335"F) 

Ml 
M h 

ts2, minutes 
t'c(90), minutes 
*1.25*t'c(90),mins. 


17 
100.5 
1.4 
6.7 
8.3 
19.1 


20 
101.1 
1.5 
9.6 
12 
12.4 


17.3 
88.4 
1.7 
5:9 
7.4 
23.5 


("hire Rate Index 

Vulcanizate Properties 
Original Physical Properties 
Stress @ 100% Elongation, MPa 

Stress @ 200% Elongation, MPa 
Stress @ 300% Elongation, MPa 
Tensile Ultimate, MPa 
psi 

Elongation @ Break, % 
Hardness Duro A, pts. 
Specific Gravity 


8.1 
1170 
15.7 

18.4 
2665 
240 
82 
1.201 


6.5 
945 
13.7 

20.1 
2920 

300 

80 
1.199 


5.9 
850 
11.5 
16.9 
18.7 
2710 
330 
80 
1.204 


"Adhesion to Steel cora 
Original Properties: 

Max- Force, lbs. (avg.) 

Setl 
Set 2 
Set 3 
Average 


90.1 
78.4 
82.4 
83.6 
90 


104.4 
99.3 
101.1 
101.6 
1 90 


80.3 
80.6 
103.3 
88.1 

J 90 


Coverage, % — 
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Adhesion Promoter 
Part in 

N ex, nature, mbber-to-metaibonding was evaiuated.o determine,.* effect of added 

motor mounts, brakes, hoses, and the like. 

^efirststodyfocusedonlongchainestersinnaturalmbberandUrene^ton 

, ^ 1.1417^ The data indicate that the adhesion 
aahesiontometo.CseeTab.eV-Mes^^da, 

The use of the resiu/ester combination did not .mprove adhesion ver 
only. 

TABLE V 

Examples ExamplelS Examplel6 Examplel7 
100.00 



SMR-L 
Kadox 930 
Stearic Acid 
N330 

Cyrez® CRA- 
148M 

RX-13804 

Subtotal 

Mill Addition 
Sulfur 

Santocure TBSI 
DiCup 40KE 

Total 



5.00 

2.00 

35.00 

6.95 
6.95 

155.90 



2.25 
0.70 



158.85 



5.00 
147.00 



5.00 
152.00 



6.95 
6.95 

155.90 



142.00 



160.90 



147.00 
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TAm.ff.V(CONT.) 



Major Variable 



RX-13804/Cyrez® 
CRA-148M 



Viscosity and Curing 
Properties 

Mooney Viscosity at 
335°F (168°C) 

Minimum Viscosity 

t5, minutes 
tlb, minutes 
t35, minutes 



Oscillating Disc 
Rheometer at 
335°F (168°C) 

M L 
M h 

ts2, minutes 
fc(90), minutes 
1 .25*t'c(90), minutes 
Cure Rate Index 



Original Physical 
Properties 

jss @ 100% 
Elongation, MPa 



Stress @ 200% 
Elongation, MPa 

Stress @ 300% 
Elongation, MPa 

Tensile Ultimate MPa 



Example 14 



Break, % 
Hardness Duro A, pts. 
Specific Gravity 



47.5 
2 

2.3 
3 



13.4 
41.9 
1.8 
7.2 
9 
18.7 



290 
5.6 

10.6 

16.5 
2390 
440 

52 
1.097 



RX-13804 



Example 15 



RX-13804/Cyrez® 
CWA-148M 



46.5 

1.1 
1.3 
1.7 



12.4 
67 
1.3 

13.6 
17 
8.1 



4.0 

575 
14.7 



16.4 
2385 
215 

57 

1.082 



Example 16 



62 

0.75 
0.85 
1.1 



11.4 
74.2 

1.2 
15.3 
19.1 

7.1 



5.5 
800 



9.9 
1440 
140 

62 
1.105 



Control 



Example 17 



56 
0.85 
1.8 



13.1 
74.6 
1.1 
14.5 
18.1 
■7.5 



735 



16.2 
2355 
190 

61 

1.090 
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R = rubber failure, RC = rubber-cement failure, CP = cement-primer failure, 
M = primer-metal failure • 
Compounds 2, 3 and 4 bloomed. 



Major Variable 


(TRA-148M 


RX-13804 


RX-13804/Cyrez® 
ruA-148M 


Control 




Example 14 


Example 15 


Example 16 


Example 17 


Metal Adhesion- 
ASTMD429 


Sulfur 


Peroxide 


Peroxide 


Peroxide 


Brass 








- 


Adhesion Force, 
lbf/in. width 

Failure Type 


82.58 

R 
100 


1.69 

R 
100 


-- 

R 
100 


R 
100 


o/„ Failure 
Aluminum 








- 


Adhesion Force, 
lbf/in, width 

Failure Type . 


R 

100 


R 
100 


- 

R 

100 


R 

100 


% Failure 
Steel 










Adhesion Force, 
lbf/in. width 

Failure Type ; 

% Failure 


R 
100 


R 
100 


R 
100 


R 
100 



Table VI provides data wherein a sulfur cure system was used in formulations 
combined with a long chain ester of the 

i and no ester (Example 19). From 



containing resin only (Example 18), a resin ecu 
msclosure(Example20),andacontrolcontainingnoresin £ 

.nesedatMtcanbeseenthattheadhesionpromoter system ^^^T^ 

control formulation and the formulation containing the resin, I 
disclosure. 



, but not including an ester of the 
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TABLE VI 



Recipe Variable 



SMR-L 
Kadox 930 
Stearic Acid 
N330 

Cyrez® Resin 148M 
RX-13804 

Subtotal 

Mill Addition 
Sulfur 

Santocure TBSI 
Total 



Cyrez® CRA Resin 
148M 



Example 18 

100 
5.00 
2.00 
35.00 
7.00 



149.00 



2.25 
0.70 

151.95 



"Control" 



Example 19 



142.00 



2.25 
0.70 

144.95 



Cyrez® CRA 
Resin 148M/ 
RX 13804 

Example 20 



7.00 
7.00 

156.00 



2.25- 
0.70 

158.95 
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TABLE VWCONTV) 



Recipe Variable 


Cyrez® CRA Resin 
148M 


"Control" 


Cyrez® CRA Resin 
148M/RX-13804 

Example 20 


Viscosity and Curing 


Example 18 


Example 19 




Properties 

Mooney Viscosity at 
168°C (335°F) 

Minimum Viscosity 

t5, minutes 
tlO, minutes 


48.1 

2.1 
2.4 
3.2 


53.2 

1.5 
1.8 
2.6 


48.2 
2 

2.3 
2.9 


t35, minutes __ _ 
Oscillating Disc 
Rheometer at 
168°C (335°F) 

Ml 
Mh 

ts2, minutes 
fc(90), minutes 
1.25*t'c(90), minutes 


13.7 
31.2 
1.8 
5.3 
6.7 
28.6 


14.6 
36 
1.7 
5.3 
6.7 

27.3 


13.5 
40.9 
1.8 
7.1 
9 
19 


Cure Rate Index 

Vulcanizate Properties 








Original Physical 
Properties 

Stress @ 100% 
Elongation, MPa 

psi 

Stress @ 200% 
Elongation, MPa 

Stress @ 300% 
Elongation, MPa 

Tensile Ultimate MPa 

psi 

Elongation @ 
Break, % 

Hardness Duio A, pts. 
Specific Gravity 


1.9 

280 
4.7 

8.6 

22.1 
3205 
555 

57 


1.8 

255 
4.5 

8.8 

24.5 
3560 
565 

55 


2.0 

300 
5.6 

10.6 

16.5 

440 

52 

1.097 
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Recipe Variable 



Metal Adhesion - 
ASTM D249 



Adhesion Force, 
lbf/in. width 



Failure Type 



TABT.FVKCONT.) 



Cyrez® CRA Resin 
148M 



Example 18 



R, RM 
95,5 



Example 19 



R 
100 



Cyrez® CRA Resin 
14SM/RX-13804 



Example 20 



R, RM 
95,5 _ 



Adhesion Force, 
lbf/in. width 



Failure Type 



% Failure 
Steel 



Adhesion Force, 
lbf/in. width 



Failure Type 



RM 
100 



RM 
100 



RM 
100 



RM 
100 



Fail 
RM 
100 



RM 
100 



R = rubber failure, RC = rubber-cement 
M = primer-metal failure, RM = rubber metal failure 



failure, CP = cement-primer failure, 



Next, the effect of the long chain esters described herein was evatuated m an 
EPDM rubber formulation for rubber to metal bonding. The cure system was also evaluated 
,„ determine the effect of peroxide versus a sulfhr system. The sulfhr formulations drd not 
work thus tee formulations were discarded. The peroxide cured formulations were vaned 
by uJing the ester alone and the resin/ester combination. The data below in Table W 
(Examples 21-23), lists adhesion results for brass, aluminum and steel cord m EPDM. 
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TABLE VII 



Major Variable 


RX-13804 


RX-13804/Cyrez® 
CRA-148M 


Control 




Example 21 


Example 22 


Example 23 


Brass 

Adhesion Force, 
lbf/in. width 

Failure Type 

% Failure 


1.26 

R 
100 


52.43 

R 
100 


R 
100 


Aluminum 








Adhesion Force, 
lbf/in. width , 

Failure Type 

% Failure 


R 
100 


R 
100 


R 
100 


Steel 

Adhesion Force, 
lbf/in. width 

Failure Type 

% Failure 


16.82 

R 
100 


19.97 
R 

1 100 


R 

J 100 



R = rubber failure, RC - rubber-cement failure, CP = cement-primer failure, 
M = primer-metal failure x 

The formulation containing the resin/ester has significantly greater adhesion to brass 
than the formulation with just ester, and the control. The steel adhesion results show that the 
formulation with ester does provide some adhesion, but the resin/ester combmatton is 
unexpectedly better. The control formulation has no adhesion to steel. Noneofthe 
formulations has adhesion to aluminum. 

The recipe/formulation data for Examples 21-23 is shown in Table VTH: 
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Nordel IP 3720 

N762 

Kadox930 

Riconl50 

SR350 

RX-13804 

Cyrez® Resin 148M 

Subtotal 

Mill Addition 

VulCup 40KE 

Total 



TABLE VIII 
Example 21 Example 22 



100 
56 
5.00 
5.00 
4,00 
10.00 

180.00 

7.00 
187.00 



7.00 
10.00 
187.00 



Example 23 



170.00 



194.00 



177.00 
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TABLEVM (CONT.) 



Major Variable 


RX-13804 


RX-13804/Cyrez® 
CRA-148M 


Control 




Example 21 


Example 22 
Peroxide Cure 


Example 23 


Viscosity and Curing 
Properties 








Mooney Viscosity at 
168°C (335°F) 

Minimum Viscosity 

t5, minutes 
tlO, minutes 


23.9 

9.5 
10.7 


29.6 

11.2 
11.9 
15.8 


3316 

7.5 
7.9 
8.8 


t35. minutes 

Oscillating Disc 
Rheometer at 
168°C (335°F) 

M u 
M H 

ts2, minutes 
t*c(90), minutes 
1.25*f c(90), minutes 
Cure Rate Index 


6.6 
87.1 
0.92 
6.5 
8.1 
17.9 


12.2 
92.4 
0.92 
8.4 
10.5 

i 13.3 


9.2 
177 
0.83 
8.5 
10.6 
13 


Original Physical 
Properties 

Stress @ 100% 
Elongation, MPa 

psi 


1.4 
198 


6.5 
940 


13.7 
1990 


Stress @ 200% 
Elongation, MPa 


11.2 


12 




Stress @ 300% 
Elongation, MPa 

Tensile Ultimate MPa 

psi 


12.2 
1770 


13.0 
1890 


19.7 
2860 


Elongation @ 
Break, % 


200 


210 


135 


Hardness Duro A, pts. 


80 
1.099887 


83 
1.122098 


86 
1.114178 


Specific Gravity 





Table DC provides comparative data that supplements the data presented h 
[. Example 24, contains resin, but does not contain any of the long chain estei 
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herein. As can be seen from the data of Table DC, Example 24 did not promote adhesion 
between EPDM and metal substrates. 

Table DC also contains formulations wherein the ester was varied. A saturated ester, 
UBS 020602, in accordance with the disclosure, was used to formulate Examples 25 and 26. 
In Example 25, the saturated ester additive was not combined with an adhesive restn as 
described herein, and failed to promote adhesion between EPDM and the metal substrates. 
However in Example 26, the saturated ester was combined with an adhesive ream, and 
excellent adhesion between metal substrates and EPDM, more particularly between steel and 
EPDM, was obtained. 
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Control 
Example 23 1 


28.7 
9.7 
10.2 
11.4 


8.8 
171.6 

10.3 
12.9 
10.7 


13.4 
1945 


UBS 020602 
Cyrez®CRA-148M 

Example 26 


26.6 
11.1 
11.8 
14.8 




2 i « 


UBS 020602 
Example 25 


23.4 
11.4 
12.3 
17.8 


6.7 
129 

I. 1 
9.1 

II. 4 
12.5 


8.4 
1220 


Cyrez®CRA-148M 
Example 24 


^ 00 3 S 


10.8 
115.9 
0.92 
10.1 
12.6 

i 10.9 


9.3 
1350 


RX-13804/148M 
Example 22 


26.3 
12.8 
14.2 


6.7 
74.1 
0.92 
7.4' 
9.3 
15.4 


6.1 

890 
11.7 


Recipe Variable 

Processing Properties 
Viscosity and Curing 


Properties 
Mooney Viscosity at 
121°C (250°F) 

Minimum Viscosity 
t5, minutes 
tlO, minutes 


65, minutes 
Oscillating Disc 
Rheometer at 
177°C (350°F) 

Ml 
M h 

t,2, minutes 
fc(90), minutes 
1.25*c(90), minutes 


Vulcanizate Properties 
Original Physical 
Properties 

Stress @ 100% 
Elongation, MPa 

psi 

Stress® 200% 
Eloneation, MPa 
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Control 
Example 23 


18.2 
2635 
125 
87 
1.110 

1 


S s - 


FAIL 


§ 2 


i 

Si 3 

PS b 

S G i 

l}< 


12.0 
1735 
180 
83 

1.120 


£ pj 8 


- FAIL 


§ 1 


UBS 020602 


.14.1 
2045 
145 
85 

1.102 


§ a - 


FAIL 


1 § 

PS — 1 


Cyrez® CRA-148M 


Kxampie i<* 

.15.2 
2200 

160 

87 

1.128 


2 P4 .8 


i a- s 


RX-13804/148M 


Example 22 

. 12.3 
1785 
205 
85 

1.119 


ON *** y 


igas 


Recipe Variable 


Processing Properties 

Stress© 300% 
Elongation, MPa 

Tensile Ultimate, MPa 

psi 

Elongation @ Break, % 
Hardness Duro A, pts. 
Specific Gravity 


Metal Adhesion - 

ASTMD429 

Brass 

Adhesion Force, 
lbtfin. width 

Failure Type 


% Failure 
Aluminum 

Adhesion Force, 
Min. width 

Failure Type 

% Failure 



WO 03/095550 



PCT/US03/14411 




WO 03/095550 



PCT/US03/14411 



EPDM Rubber to Metal Bonding 

Additional esters were evaluated to determine their effect on adhesion when 
combined with an adhesive resin. The esters evaluated were as follows: 

Plasthall DOS A saturated diester based on 2-ethylhexyl alcohol and sebacic 

acid. 

RX-13577 An unsaturated monoester based on tridecyl alcohol and tall oil 

fatty acid. 

RX-13824 An unsaturated dimerate ester based on tridecyl alcohol and a 

C-36 dimer acid. This ester is similar to RX-13804, which uses 
the same dimer acid, but RX-13804 is reacted with 2- 
ethylhexyl alcohol (di-2-ethylhexyl dimerate). 
The results indicate that the compound with DOS/resin provides good adhesion to 
brass and steel. The RX-13577/resin compound has excellent adhesion to brass and steel, and 
the force values for steel are greater than any of the other ester/resin combinations. The data 
suggests that a greater degree of ester unsaturate levels provides greater adhesion because 
RX-13577 does have more unsaturated sites by weight than RX-13804 or RX-13824. 
Anotherpiece of data that helps support the above statement is the steel adhesion datafor the 
ester only compounds. The RX-1 3577 compound had the only measurable adhesion while 
DOS and RX-13824 had no adhesion values. 

The data is set forth in Table X, Examples 27-34: 
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Control 
Example 34 1 


30.9 
6.6 
6.9 
8.3 


9.7 
125.8 
0.83 
6.3 
7.8 


RX-13824/ 
Cyrez®CRA- 

148M 
Example 33 


26.8 
7.8 
8.3 
10.2 


8.6 
58.5 
0.92 
5.9 
7.4 


RX-13824 
Example 32 


21.3 

8.9 

9.8 
FAIL 


«*! _j -« » 


s<|i i 


26.1 1 

7.3 

7.9 
FAIL 


«*- m © 


RX-13577 


21.1 
7.6 
8.6 

FAIL 


vo °°. fO On «*•. 


Cyrez® CRA- 
148M 


2 ON « 


10 
84.9 
0.92 
6.1 
7.6 


Plasthall 
DOS/Cyrez® 
CRA-148M 


Example 28 

26.1 
9.6 
11.8 


i 33S-3 

In 


Plasthall DOS 1 
(dioctylsebacate) 


Example 27 

19.9 
8.6 
9.3 


FAIL 

5.5 
88.6 
0.92 
6.3. 
7.8 


Major Variable 


Plasticizer 

Processing 
Properties 

Viscosity and 

Curing 

Properties 

Mooney 
Viscosity at 
250°F(121°C) 

Min. Viscosity 
t5, minutes 
tlO, minutes 


ills. ii| 

3)11 ^Ifli 
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Example 34 

RM 
100 

RM 
100 


■ a i 


Example 33 1 

133.5 

R 
100 

RM 
100 

42.3 

RM 
100 


Example 32 

RM 
100 

RM 
100 

RM 
100 


Example 31 

139.4 

R 
100 

RM 


§ s a. s 


Example 30 T~ 

RM 
100 

RM 


s ■ ■ 2 a § 


Example 29 1 

51.1 

R 
100 

RM 


i ■ a § 


Example 28 

128.1 

RM 
100 

RM 


§ s a s 


Example 27 

RM 
100 

l RM 


i -as 


Metal Adhesion 1 
-ASTMD429 

Brass 

Adhesion force, 
lbf/in. width 

Failure Type ; 

% Failure 

Aluminum 

Adhesion force, 
lbf/in. width 

Failure Type 


1 % Failure 
Steel 

Adhesion force, 
lbf/in. width 

Failure Type 

% Failure 
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Chlorinated Polyethylene Rubber to Polyester Cord 

More specifically, RX-13845 was evaluated for cord or fabric to rubber adhesion. 
RX-13845 is an adhesion promoter system consisting of 36wt.% RX-13804, 36 wt.% Cyrez 
CRA-138 Resin (a liquid at room temperature), and 28% substrate (synthetic calcium 
silicate). RX-13845 was prepared by adding preheated Cyrez CRA 138 resin liquid to a dry 
carrier (substrate) contained in a mixing bowl, followed by addition of preheated RX-13804. 
The materials were mixed at low.speed for 3 minutes. The materials were blended for an 
additional 3 minutes. RX-13845 permits liquids to be handled as powders. Becausethe 
active adhesion promoter is released , the active ingredient is released from the carrier, 
incorporation of RX-13845 into a rubber compound allows the adhesion promoter to function 
in the same manner as if it had been incorporated into rubber as a neat material. 

The results demonstrate a significant improvement in adhesion of untreated nylon 
fibers, isocyanate treated nylons, isocyanate treated aramid fibers, and untreated polyester 
fibers'to chlorinated polyethylene polymer. The data is set forth in Table XI, Examples 34- 
38. 

TABLE XI 

Example 35 Example 36 Example 37 Example 38 



TyrinCPECM0730 
N774 Carbon Black 
N 650 Carbon Black 
Albacar 5970(CaCO 3 ) 
PARAPLEX® G-62 
PLASTHALL® TOTM 
Calcium Oxide 
Flectol TMQ 
RX-13845 
Subtotal 



100.00 
55.00 
30.00 
10.00 
15.00 
30.00 
4.40 
0.20 

244.60 



3.00 
247.60 



6.00 
250.60 



10.00 
254.60 



Mill Addition 

Vulcup 40KE 
Triganox 17/40 
PLB 5405(75%) 
Total 

Major Variable 



9.50 
3.50 
6.70 
264.30 
Control 



Viscosity and Curinp Properties 
Mooney Viscosity at 132°C(270°F) 

Minimum Viscosity 
t5, minutes 
tlO, minutes 
t35, minutes 



267.30 270.30 274.30 
RX-13845 RX-13845 RX-13845 
(3) (6) (10) 



40.7 


40.4 


38.2 


37.0 


2.2 


2.2 


2.3 


2.3 


2.5 


2.5 


2.5 


2.5 


3.0 


3.0 


3.2 


3.0 
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Example 35 Example 36 
Oscillating Disc ^ »* 3 60°C(320°F) 

Ml 
Mh 

t s 2, minutes 
t'c(90), minutes 
1.25*t'c(90), minutes 
Cure Rate Index 
Original Physical Properties 
Stress @ 100% Elongation, MPa 
psi 

Stress @ 200% Elongation, MPa 
Stress @ 300% Elongation, MPa 
Tensile Ultimate, MPa 

psi 

Elongation @ Break, % 
Hardness Duro A, pts. 
Specific Gravity 
TTTVTREATED NYLON 
Average Adhesion Force, M/in width 
std.dev 



Example 37 Example 38 



9.4 
48.7 

I. 3 
25.8 
32.3 

4.1 

6.4 
930 

II. 7 

13.5 
1965 
250 
80 
1.323 

8.43 
1.31 



11.9 
42.2 
1.2 
28.3 
35.4 
3.7 

6.2 
905 
10.9 

12.5 
1820 
255 
80 
1.326 

. 7.97 
1.60 



TcorvANATE TREATED NYLON 

Average Adhesion Force, lbffin widtb 24.84 27.90 

1 51 4.56 

stddeV RubberFailure 

ttt>JTREATEP ARAMID 

Average Adhesion Force, lbf/in width 5.54 

std.dev °' 57 



TQOrVANAT^ TPff ATF.D ARAMID 
Average Adhesion Force, lbffin width 5.3U 
std.dev 031 



TTTSTTREATF " POLYESTER 

Average Adhesion Force, lbtfin width 
std.dev 



8.90 
1.33 



4.09 
1.12 



8.20 
1.03 



9.72 
0.33 



10 

38.4 

I. 7 
29.7 
37.1 

3.6 

6.3 
920 

II. 1 

12.8 
1850 
250 
80 
1.324 

9.63 
1.23 



30.24 
4.54 



6.44 
0.76 



9.78 
2.27 



17.77 
4.59 



9.4 

37 

1.5 
21.8 
27.3 

4.9 

5.4 
790 
9.2 

10.5 
1530 
275 
78 
1.324 

10.13 
1.19 



34.93 
3.95 



4.80 
0.46 



9.32 
0.88 



17.39 
6.49 



Method of Measuring Cord Adhesion 

Esters were evaluated to determine their effect on adhesion of cords to rubbers when 
combined with an adhesive resin. The following method is ************** 
peel adhesion of reinforcing fibers, including natural and manmade maments and spun yams, 
to various rubber compounds and elastomers. This method is conventionally used wtth 
industrial weight fibers of 500 denier or greater. Typically, me most common elastomers and 
compounds employed are natural rubber, styrene butadiene rubber, copolymers of olefins 
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wi « h „ on .oonj»gateddie I .es(EPDM),po. y c M orop I ene r ubbc r (CR) > acrylonitrile butadiene 
elastomerWchlorosuphonatedp^^^ 

isobutylene-isoprene copolymeric rubber, chlorinated isobutylene-isoprene copolym-c 
rubber, brominated isobutylene-isoprene copoiymeric rubber, polyvmylchlonde, urethane 
andb.endsthereofbutthjstecb^uec^^^^ ■ 
variety of materials. 

Tbeadhesion.estingdescribedhereinwasperfcrmedmaceordaneew.thASmD 
4393-85 "Strap Peel Adhesion ofReinforcing Cords orFabrics to Rubber Compounds. 

Typically, 1 »x 5" strips of fiber/rubber composite materials were prepared for testing. 
Fiberswereposirionedontoa^pebackingusingarotatablecyHnder. The tape backing was 

appbed* a nrilled elastomer or ^ . 
hydraulic press (,*., a. curing, extruding, or other conditions) to form a cord- or fabnc- 
reinfomedcompositematerial. The composite was then cut into strips for adheston 
measurements (e.g., through separation load values, appearance, etc.). 

PROCEDUBE , v • 

^^429moldwasplacedinacompressionpress(capableofach.evmg 

temperature was set within* 2°F of me vulcanization temperature (cure temperature) for the 

range for about 30 minutes. 

Tmeoshipsof3»widemas.dng«ape(asmtablemasking^eis#515Mas I d n gTape, 

Anehor Continental, Inc. Columbia, SO. with adhesive side out, were wrapped aroundflre 
rot atablecy,inder. ^ ta ^-««v^*^.«^«^*" 
width of about 7". Six 1" wide fiber samples were wrapped onto the .ape backtng. The same 

should be wound, however, such that there is no overlapping of fibers and no space between 
adjacent fibers. Typically, three strips of each fiber sample were prepared and tested. 

The fibers were secured with 1" wide masking tape, and the strips were marked A, B, 
C,D,E,andF. The six wound samples were removed from the cylinder by cutting across fire 
cylinder. 
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A 5" X T piece of unwlcanized corr^ounded rubber , o be tested, whieh has been 
^.aspecifiedthiOcne^O^O.O^OinchesXwasout. The mold surface which will 
be in contact with the fiber assembly was cleaned with n-heptane. 

Theprehcatedmoldwasrcmovedfiomutepress. Tbe fiber samples were placed at 

r .X7"shrpofa.uminnmfoi.wasplacedonn 1 ebac k c4 g eof*efibersamplessomat« 1 e 

aluminumibilstrip. Each strip has a specified position in the pres. Thecleanrf 5 V 
..atcwasplacedontopofthesampleatofonnasandwichofmoldtopplaternhb^ 
CpoJ aluminum foil, yarnsamples^eandhohomplate. ™^»£Z^ 

and temperature are maintained-for the specified time (cure tune). 

The mold assembly was removed from thepress at me end of fire cure time It is 
sonant nottodisturbmefihercempositewhi.e separating 

cooled to ambient temperamre prior to marking the pad for identification. 

The adhesion pad should sit for an extended period ("conditioning period") «*. 
overnight, prior to cutting into the 1" x 5" strips for adhesion testing. As ^tkl fiber 

one fiber to be tested is contained in each strip. 

Each 1" x 5" adhesion composite strip was tested on the Instron 4201 
tensile/compression machine (Instron Corporation, Canton^) accord 
the Instron Series DC Materials Testing™ Software. 



-62- 



PCT/US03/14411 

WO 03/095550 



Material 

SMR-L 
Kadox 930 


TABLE XH 
Chemical Description 

Natural rubber 
Zinc Oxide 


Supplier 

Mean 

The CP. Hall Company 


Stearic Acid RCi. 
N-330 

Spider Sulfur 
SantocureTBSI 

RX-13577 
RX-13804 
RX-13824 


Stearic Acid, rubber grade 

F1p.mp.nta1 Sulfur 

N-tert-butyl-di(2- 

benzotlnazolesulfen)irnide _ 

Tridecyl tallate 
pi(9.Rth Y 1hexvndimerate 
Ditridecyl Dimerate 


The CP. Hall Company 
JM Huber or Degussa 
The CP. Hall Company 
Harwick Standard 

The CP. Hall Company 
The CP. Hall Company 
The CP. Hall Company 
The CP. Hall Company • 


Plasthall DOS 
Paraplex A-8000 
Staflex DBM 
DiCup 40 KE 
RX-13845 


Dioctyl sebacate 

Polyester Adipate . 

Dibutyl maleate 

Dicumyl Peroxide on Burgess Clay 
36% RX-13804, 36% Cyrez® D- 
148M, 28% Hydrated Amorphous 
Silica 


The CP. Hall Company 
The CP. Hall Company 
Hercules 

The CP. Hall Company 


Cyrez® Resin D-148M 


Melamine Resin Powder . . 
Concentrate 


Cytec 
-TM Huber 


N-326 

Cobalt Naphthenate 


Carbon Black 

Metal Carboxylate adhesion 
promoter 


Sheperd 


Santoflex 13 
PVI 


N-Isopropyl-N'-phenyl-p- 
phenylenediamine 
N-(cyclohexvlthio) phthalimide 


Harwick 
Flexsys 


Pennacolite Resin 
VulkacitDZ 

Resimene 

NordelIP3720 

N762 


Formaldehyde Resin 
Benzothiazl-2-dicyclohexyl- 
sulfenamide 
Hexamethoxymelamine 
Hydrocarbon Rubber 
Carbon Black 


Indspec 
Bayer 

Solutia 
DuPont 

JM Huber 

Ricon 


Riconl50 
TMTD 
Rotax 
SR 350 
UBS020602 


Liquid Polvbutadiene 
Tetramethyl thiuram disulfide 
2-mercaptobenzothiazole 
Acrylic Ester 
Di(2-ethylhexyl) dimerate, 
hydro genated 


R.T. Vanderbilt 
R.T. Vandeibilt 

Sartomer 

The CP. Hall Company 


Cyrez® Resin CRA- 
133M 


Melamine Resin Powder 
concentrate 


Cytec 


Cyrez® Resin CRA- 
148M 


Melamine Resin Powder 
concentrate 


"Cytec "~~ 


Royalene 501 

Rovalene 502 

N-550 

RX-13782 


Ethylene-propylene ethylidene 
norbornene rubber 57/43 EP Ratio 
ENB third monomer 62/38 EP ratio 
Carbon Black 
Capric Tallate 


Uniroyal 
Uniroyal 

Engineering Carbon 
The C P. Hall Company 
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Material 

RX-HR05 
RX-13806 
RX-13853 
UBS 020602 

UBS 120601 
UBS 121201 


TABLE XII (COJN-r.) 

Chemical Description 

Di(2-ethylhexvn dimerate 
Didecyl dimerate 

Di (2-ethylhexyl) dimerate (Pnpol 
inn*) 

polyester dimerate 
polyester Himerate 


Supplier 

Ilie C. P. Hall Company 
Hie C. P. Hall Company 
The C. P. Hall Company 
The C. P. Hall Company 

The C. P. Hall Company 
The C. P. Hall Company 
Sun Oil 


Sunpar2280 
Premix MBT 
Premix TMTD 
Premix DPTT 

Premix TDEC 

TTRS051602 


Paraffinic Oil 
2-mercaptobenzothiazole 
Tetramethyl thiuram disulfide 
Dipentamethylene thiurum 
(tetra)sulfide 

Tellurium diethvldithiocarbamate 
Pir.lpy1 flimerate 


The C P. Hall Company 
The C. P. Hall Company 
The C. P. Hall Company 

The C. P. Hall Company 
The C P. Hall Company 


UBS060302 
BM050702 
Royalene IM7200 

T?V-n822 


Ditridecyl dimerate 
Pentaerythritol tetratallate 
blend of ethylene-propylene- 
ethylidene norbornene rubber with 
jP^iy^Y^nP Hust 76/24 EP Ratio 
Tridecyl dimerate 


The C. P. Hall Company 
The C. P. Hall Company 
Uniroyal 

The CP. Hall Company 


Trigonox 145-45B-pd 


Polyester dimerate 
2,5-dimethyl-2,5-di-(tert- 
butylperoxy)hexyne-3, 45% 
supported on calcium carbonate 


The C. P. Hall Company 
Akzo Nobel 


TyrinCPE CM 0730 


chlorinated polyethylene 30% 
chlorine . — 


DupontDow 


. N-774 


carbon black 


Degussa Engineered 
Carbons ______ 


N-650 

Albacar 5970 


carbon black 

calcium carbonate — — 


Degussa Engineered 
Carbons 

The C. P. Hall Company 


Paraplex G-62 
RX-13845 

Micro Cel E 


epoxidized soybean oil 
Micro Cel E 28 wt.%, RX-13804 30 
ryrtvOb CRA-138M 36 wt.% 
Calcium Silicate 


The C P. Hall Company 
The C P. Hall Company 

The C. P. Hall Company 
Cytec 


Cyrez® CRA-138M 
Cvrez® CRA-148M 
VulCup 40KE 


Melamine Formaldehyde resin 
Melamine Formaldehyde resin 
2,2*-bis(tert-butylperoxy 
diisopropylbenzene 


Cytec 

Harwick Standard 


Triganox 17/40 


4,4-bis(tert-butyl peroxy) - 3,3,5- 
trimethylcyclohexane 


Akzo Nobel 


PLB 5405 (75%) 

SMRCV60 
Process Oil C-255E 
RX-13896 


Trimethylolpropane trimethyl 

acrylate _ 

Natural Rubber 

Parraffinic Oil . — 

1 Di(2-ethylhexvn dimerate 


~ Flow Polymer Incorporated 

The C P. Hall Company 
The C P. Hall Company 
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RX-13892 



Calcium Oxide 



Plasthall TOTM 



Flectol TMQ 



Powerloc 



Beaverloc 
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72 wt.% Trioctyl Trimellitate, 28 
wt.% Hydrated Amorphous Silica 



2,2,4-Trimethyl-l,2 
dihydroguin nline. polymerized 



Untreated nylon fiber 



Isocyanate treated nylon fiber 
T Tntreated aramid fiber 



Isocyanate treated aramid fiber 
Untreated polyester fi ber 



Flexsys 



Beaver Manufacturing Co. 



Beaver Manufacturing Co 



Beaver Manufacturing CoT 



Beaver Manufacturing Co 



Beaver Manufacturing Co. 
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wct AT IS CI AIMED IS: 

, : A rubber composition comprising rabber selected from the group consisting of 
tnralrubber synthetic rubber, and a combination thereof; and an adhesion promoter 

^:^--^«^*« 

« the weigh, of rubber in the composition; and (2) an ester havmg formula I, H. HI, Wet 

• r *- ft,Hfc,ta,1SHby .-. 

weight based on the weight of rubber in the composition: 

? 

R2-C-0-R 1 (I) 
.hereinR' is a CrC* -did, straight chain or branched, saturated or unsaturated 
o.ann.rsannatedfattyacidresiduehavingnoScarbon-.o^rbondoublebonds, 

o o 

R^KCH^-C-O-R 3 (n) 




r 11 (in) 

branched, either saturated or having 1 to 6 carbon-to-carbon doublebonds; 

. nr »lkvl radical straight chain or branched, saturated or 
R 6 and R , same or different, are C3-C24 alltyl ramcai, sir-us- 

saturated containing 1 to 3 carbon-to-carbon double bonds; and 
R .0andR",same or different are a C 3 -C M , satinated hydrocarbon chain, 
to 6, carbon-to-carbon double bonds; 

-66- 



WO 03/095550 



PCT/US03/14411 




R19-0-U-R 18 R 12 -C-0-R 13 p 
4-1. 



rM-C-O-R 15 



R 20 R 17 (IV) 
wherein R 12 , R 14 and R 18 , same or different, are a C 3 -C 24 , hydrocarbon chain, straight chain or 
branched, either saturated or having 1 to 6 carbon-to-carbon double bonds; 

R u RiSandR^sameor different, are a C 3 -C, 4 alkyl radical, straight chain or branched, 
saturated or unsaturated containing 1 to 3 carbon-to-carbon double bonds; and 

r'« R 17 and R 20 same or different, area C 3 -C 24 saturated hydrocarbon chain, straight chain 

or branched; orur^^ 

1 to 6 carbon-to-carbon double bonds. 

2. A rubber composition in accordance with claim 1, wherein the ester is 
■ *■ ~f*Xr™niaT n HI IV and a combination of any two or 
selected from the group consisting of formula 1, II, in, J v, ami 

more of said esters: 

? 

R2-C-0-R 1 (j) 

wherein R' is a C,-C„ alkyl radical, straight chain or branched, saturated or unsaturated 
containing 1 to 3 carbon-to-carbon double bonds; and R 2 is a C-C, saturated fatty acrd 
^.orannnsaturatedfattyacidresidueh^^ 

R"-0-C-(CH2)„-C-0-R 3 ^ 

wherein n=6-18, andR> andR\ same or different, are a Cs-C,. alkyl radical, straight chain or 
branched, saturated or unsaturated containing 1 to 3 carbon-to-carbon double bonds; 
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r u (m) 

wherein R s and R', are a C 6 -C M hydrocarbon chain, straight chain or branched; either 
saturated or having 1 to 3 carbon-tc-carbon donble bonds; 

R< and R 8 , same or different, are a C-C.s alkyl radical, straight chain or branched, 
or unsaturated containing 1 to 3 carbon-to-carbon double bonds; and 

branched;or an unsaturated hydrocarbon chain, straight chain or branched, containing 1 to 3 
carbon-to-carbon double bonds; 

R19-0-&-R 18 R 12 fi-O-R 13 

^Rl 4 -fi-0-R 15 




3I6 

R 20 R 17 (TV) 
wherein R 52 , R 14 and R 18 , same or different, are a Cr-Qs, hydrocarbon chain, straight chain or 
branched, either saturated or having 1 to 3 carbon-to-carbon double bonds; 

R» R 15 and R 19 same or different, are a C 6 -C 18 alkyl radical, straight chain or branched, 
saturated or unsaturated containing 1 to 3 carbon-to-carbon double bonds; and 

R'« R» and R 20 , same or different, are a C 6 -C 18 saturated hydrocarbon chain, straight chain 
or branched; or an unsaturated C 6 -d s hydrocarbon chain, straight chain or branched, 
containing 1 to 3 carbon-to-carbon double bonds. 
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3. The rubber composition of claim 1, wherein the adhesive resin is a 
condensation product of a methylene acceptor and a methylene donor. 

4 The rubber composition in accordance with claim 3, wherein the adhesive 
resin is selected from the group consisting of phenol-formaldehyde, melange-formaldehyde; 
naphthol-formaldehyde; polyepoxide; a reaction product of triallyl cyanurate, resorcmol, and 
formaldehyde; a reaction product of p-chlorophenol, resorcmol, and formaldehyde; a 
copolymer of styrene, butadiene, and 2-vinylpyridine; and mixtures thereof. 

5. The rubber composition in accordance with claim 4, wherein the phenol- 
formaldehyde resin is resorcinol-formaldehyde. 

6 The rubber composition in accordance with claim 1, wherein the adhesive 
resin is selected from the group consisting of derivatives of melamme, acetoguanamine, 
benzoguanamine, cyclohexylguanamine and glycoluril monomers and oligomers of these 
monomers, which have been substituted on average at two or more positions on the monomer 
or on each unit of the oligomer with vinyl terminated radicals, the vulcanizable rubber 
composition being free of resorcinol. 

7 The vulcanizable rubber composition in accordance with claim 6, wherein at 
least one of the adhesive resins has been further substituted on average at one or more 
positions with a radical which comprises carbamoylmethyl or amidomethyl. 

8. A vulcanizable rubber composition in accordance with claim 6, wherein the 
adhesive resin is selected from compounds of the formula: 
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v r 

CH-CH 
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-i r 

^CH-CH 

f 

O 



and positional isomers thereof, 

wherein, in each monomer and in each polymerized unit of the oligomers, Y is selected from 
methyl, phenyl and cyclohexyl, and, on average, at least two R are -CH 2 -R\ and any 
remaining R are H, and at least 2 R 1 are radicals selected from 

CH 2 =C(R 2 ) — C(O) — O— , 
CH 2 =C(R 2 )— C(0)— Z, 
CH 2 = C(R 2 ) — C(0) — NH — , and 
CH 2 = C(R 2 )— CH 2 — O— , 

wherein R 2 is hydrogen or Ci-Cw alkyl, and Z is a radical selected from 



— O— CHz— CH(CH 3 )— O— , 
— O — CH 2 — CH2 — CH 2 0 — , and 
—O— CH(C 2 H 5 >— O— , and 

any remaining R 1 radicals are selected from 

— O-R 3 , 

— NH — C(0) — OR 4 , and 

— NH — C(0) — R 4 , and 
wherein R 3 is hydrogen or R», and R» is a C,-Ci. alkyl, alicyclic, hydroxyalkyl, alkoxyalkyl 
or aromatic radical, and in the oligomers, P is 2 to about 10, and L is methylene or the radical 



— CHr- O— CH2- 
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9. A vulcanizable rubber composition in accordance with claim 8, wherein on 
average at least one R 1 in each monomer or in each oligomerized unit of the adhesive resin is: 

— NH — C(O) — OR 4 



wherein R 4 is as defined in claim 8. 

10. A vulcanizable rubber composition in accordance with claim 9, wherein the 
adhesive resin is a compound of the formula 



Y 



7\ ^ 
R R 



wherein P, L and R are as defined in claim 8. 

11. A vulcanizable rubber composition in accordance with claim 1 0, wherein in 
the adhesive resin formulas, on average at least one R radical in each monomer or in each 
oligomerized unit is 

— CH2 — NH — C(O) — OR 4 

wherein R 4 is a C,-C 18 alkyl, alicyclic, hydroxyalkyl, alkoxyalkyl or aromatic radical. 

12. A vulcanizable rubber composition in accordance with claim 10, wherein on 
average at least two R radicals are selected from 
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CH 2 =C(CH 3 >-C(0)Q-C3H6-0— CHz— 
and 

CH 2 =CHr- C(0)0-C 2 H4 — O— CHr- 
and at least one R radical is selected from 

CH 2 — NH — C(O) — O — CH 3 
and 

CH 2 — NH — C(O) — O — C3H7. 

13. A vulcanizable rubber composition in accordance with claim 8, further 
comprising an additional additive selected from hydroxymethylated and alkoxvmethylated 
(alkoxy having 1-5 carbon atoms) derivatives of melamine, acetoguanamine, 
benzoguanamine, cyclohexylguanamine and glycoluril and then* oligomers. 

14. The composition in accordance with claim 6, wherein the adhesive resin is a 
derivative of melamine or an oligomer of melamine. 

15. The composition in accordance with claim 6, wherein the adhesive resin is a 
derivative of acetoguanamine or an oligomer of acetoguanamine. 

16. The composition in accordance with claim 6, wherein the adhesive resin is a 
derivative of benzoguanamine or an oligomer of benzoguanamine. 

17. The composition in accordance with claim 6, wherein the adhesive resin is a - 
derivative of cyclohexylguanamine or an oligomer of cyclohexylguanamine. 

18 A vulcanizable rubber composition in accordance with claim 1, wherein the 
adhesive resin is a self-condensing alkylated triazine resin selected from the group consisting 
of(i),(ii),and(iii): 

(i) a self-condensing alkylated triazine resin having at least one of imino or 
methylol functionality and represented by formula (I) 
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(ii) an oligomer of (i), or 

(iii) a mixture of (i) and (ii), wherein 

Z is -N(R)(CH 2 OR 1 ), aryl having 6 to 10 carbon atoms, alkyl having 1 to 20 carbon, 
atoms or an acetyl group, 

each R is independently hydrogen or -CH 2 OR , and 

each R 1 is independently hydrogen or an alkyl group having 1 to 12 carbon atoms, 
provided that at least one R is hydrogen or -CH 2 OH and at least one R 1 is selected 

from the alkyl group; and 

wherein the vulcanizable rubber composition is substantially free of methylene 

acceptor coreactants. 

19. The vulcanizable rubber composition in accordance with claim 18, wherein at 
least one R group is hydrogen. 

20. The vulcanizable rubber composition in accordance with claim 19, wherein at 
least one R 1 group is a lower alkyl group having 1 to 6 carbon atoms. 

21. The vulcanizable rubber composition in accordance with claim 20, wherein 
the adhesive resin is a derivative of melamine, benzoguanamine, cyclohexylguanamine, or 
acetoguanamine, or an oligomer thereof. 

22. The vulcanizable rubber composition in accordance with claim 20, wherein Z 
is-NCRXCHaOR 1 ). 
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23 . The rubber composition in accordance with claim 4, wherein the phenol- 
formaldehyde resin is resorcinol-formaldehyde; and the melamine-formaldehyde resin is N- 
(substituted oxymethyl) melamine-formaldehyde. 

24. A rubber composition in accordance with claim 1 , wherein the ester has the 
formula H and comprises a saturated diester formed by the reaction of sebacic acid and a C 6 - 
C 24 alcohol, straight chain or branched, saturated or unsaturated containing 1 to 3 carbon-to- 
carbon double bonds. 

25. A rubber composition in accordance with claim 24, wherein the alcohol is 2- 
ethylhexyl alcohol, and the ester has the following formula: 



CH 3 



CH 3 



T n t 

CH 3 -(CH2)3-CH-CH2-0-C-(CH2)8-C-0-CH2-CH-(CH 2 )3-CH3 . 

26. A rubber composition in accordance with claim 1 , wherein the ester is an 
unsaturated diester formed by the reaction of a C 36 dimer acid and a C 3 -Cis alcohol, straight 
chain or branched, saturated or unsaturated containing 1 to 3 carbon-to-carbon double bonds. 

27. A rubber composition in accordance with claim 26, wherein the alcohol is 2- 
ethylhexyl alcohol. 

28. A rubber composition in accordance with claim 26, wherein the alcohol is 
tridecyl alcohol. 

29. A rubber composition in accordance with claim 26, wherein the alcohol is 
oleyl alcohol. 

30. A rubber composition in accordance with claim 1, wherein the ester comprises 
the following dimer acid reacted with a C 3 -C 2 4 alcohol: 
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CH 2 -CH 2 -CH2-CH2-CH 2 -CH2-CH2-COOH 
JL , CH 2 -CH2-CH2-CH 2 -CH2-CH2-CH 2 -COOH 



^CH 2 -CH-CH5-(CH 2 )4-CH 3 
CH 2 -(CH 2 )4-CH3 

31. A rubber composition in accordance with claim 1 , wherein the ester comprises 
the following dimer acid reacted with a C 3 -C 2 4 alcohol: 

CH 2 -CH 2 -CH 2 -CH 2 -CH 2 -CH 2 -CH 2 -COOH 

y / ^CH 2 -(CH 2 )6-CH 3 
CH 2 -(CH 2 )4-CH 3 

32. A rubber composition in accordance with claim 1, wherein the ester comprises 
the following dimer acid reacted with a C 3 -C 2 4 alcohol: 

CH 2 -CH 2 -CH2-CH 2 -CH 2 -CH2-CH 2 -COOH 

[ 2 -CH=CH-(CH 2 ) 4 -COOH 




ri 2 -CH=CH-(CH 2 ) 4 -CH 3 
CH 2 -(CH 2 ) 4 -CH 3 



33. A rubber composition in accordance with claim 1, wherein the ester is the 
reaction product of a C 3 -C 24 alcohol with a tricarboxylic acid, having the following formula: 
HOOC-CQ-CH,-CEb-CIt-CIfe-CIt-Cft Clfe-C^-at-CIfe-C^-CIfe-C^-COOH 

11/ CHz-CHz-CHz-Cft-CHj-CI^-CHz-COOH 

|'|'^ CH2-CH=CH-(CIS4-CHj 
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34. A rubber composition in accordance with claim 1 , wherein the ester is a 
combination of compounds of formula I, II, HI, and IV. 

35. A rubber composition in accordance with claim 34, wherein the ester is a 
reaction product of a C 3 -C 24 alcohol straight chain or branched, saturated or unsaturated 
having 1 to 3 carbon-to-carbon double bonds, with a dimer acid having CAS #61788-89-4. 

36. A rubber composition in accordance with claim 35, wherein the alcohol is 2- 
ethylhexyl alcohol. r 

37. A rubber composition in accordance with claim 35, wherein the alcohol is a 
tridecyl alcohol. 

38. A rubber composition in accordance with claim 35, wherein the alcohol is an 
oleyl alcohol. 

39. A method of increasing the adhesion of a rubber composition to a polymer, 
glass, or metal substrate, said rubber composition including a natural or synthetic rubber, a 
rubber vulcanizing agent, and an adhesive resin, comprising adding to said rubber 
composition, in an amount of about 0.1% to 15% by weight, based on the weight of the 
rubber, an ester having formula I, H, m, TV, or mixtures thereof: 



wherein R 1 is a C 3 -C 24 alkyl radical, straight chain or branched, saturated or unsaturated 
containing 1 to 3 carbon-to-carbon double bonds; R 2 is a C 3 -C 24 saturated fatty acid residue, 
or an unsaturated fatty acid residue having 1 to 6 carbon-to-carbon double bonds; 



R 4 -0-C-(CH 2 )n-C-0-R 3 
wherein n=3-24 and R 3 and R 4 , same or different, are a C 3 -C 24 alkyl radical, straight chain or 




O 
II 



O 



II 



branched; 
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wherein R 5 and R 7 , same or different, are a C 3 -C 24 hydro carbon chain, straight chain or 
branched, either saturated or having 1 to 6 carbon-to-carbon double bonds; 

R 6 and R 8 , same or different, are a C 3 -C 24 alkyl radical, straight chain or branched; and 

Ri° and R u same or different, are a C 3 -C 24 , saturated hydrocarbon chain, straight chain or 
branched; or an unsaturated C 3 -C 24 , hydrocarbon chain, straight chain or branched, having 1 
to 6 carbon-to-carbon double bonds; 

r19.o-1-r 18 ■ R 12 -!!:-o-R 13 

/Rl 4 Ao-R 15 




wherein R 12 , R 14 and R 18 , same or different, are a C 3 -C 24 hydrocarbon chain, straight chain or 
branched, either saturated or having 1 to 6 carbon-to-carbon double bonds; 

R 13 , R 15 andR 19 , same or different, are C 3 -C 24 alkyl radical, straight chain or branched, 
saturated or unsaturated containing 1 to 3 carbon-to-carbon double bonds; and 

R" R 17 and R 20 , same or different, are C 3 -C 24 saturated hydrocarbon chain, straight chain or 
branched ; or unsaturated C 3 -C 24 hydrocarbon chain, straight chain or branched, containing 1 
to 6 carbon-to-carbon double bonds. 

40. A method in accordance with claim 39, wherein the substrate is a plurality of 

cords. 
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41 . A method in accordance with claim 39, wheiein the substrate is a polymeric 
sheet or fabric. 

42. A method in accordance with claim 39, wherein the substrate is metal flat 
stock material. 

43 . A cord-reinforced article of manufacture comprising a plurality of cords 
selected from polymeric cords, metal cords, glass cords, and a combination thereof, adhered 
to the rubber composition of claim 1 . 

44. The rubber composition in accordance with claim 1, wherein the R 2 , R 5 , R 7 , 
R 12 , R 14 are fatty acid residues derived from animal or vegetable fatty acids. 

45. The rubber composition of claim 44, wherein the fatty acids are selected from 
the group consisting of butter; lard; tallow; grease; herring; menhaden; pilchard; sardine; 
babassu; castor; coconut; corn; cottonseed; jojoba; linseed; oiticia; olive; palm; palm kernel; 
peanut; rapeseed; safflower; soya; sunflower; tall; tung; and mixtures thereof. 

46. The rubber composition of claim 45, wherein the fatty acid residues are 
selected from the group consisting of hexanoic; octanoic; decanoic; dodecanoic; 9- 
dodecenoic; tetradecanoic; 9-tetradecenoic; hexadecanoic; 9-hexadecenoic; octadecanoic; 9- 
octadecenoic; 9-octadecenoic, 12-hydroxy; 9, 12-octadecadienoic; 9, 12, 15-octadecatrienoic; 
9, 11, 13-octadecatrienoic; 9, 1 1, 13-octadecatrienoic, 4-oxo; octadecatetrenoic; eicosanoic; 
11-eicosenoic; eicosadienoic; eicosatrienoic; 5, 8, 11, 14-eicosatetraenoic; eicosapentaenoic; 
docosanoic; 13-docosenoic; docosatetraenoic; 4, 8, 12, 15, 19-docosapentaenoic; 
docosahexaenoic; tetracosenoic; and 4, 8, 12, 15, 18, 21-tetracosahexaenoic. 
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AMENDED CLAIMS 
Received by the International Bureau on 17 November 2003 : 
Claims 2,3,6-22,24-38,40-42,45-46 amended, 47-49 added. 




R19-0-C-R 18 R 12 -C-0-R 13 Q 

4. 



R14-C-0-R 15 



H 16 

R 20 R 17 (IV) 
wherein R 12 , R 14 and R 18 , same or different, are a C 3 -C 24 , hydrocarbon chain, straight chain or 
branched, either saturated or having 1 to 6 carbon-to-carbon double bonds; 

R 13 , R 15 and R 19 , same or different, are a C 3 -C 24 alkyl radical, straight chain or branched, 
saturated or unsaturated containing 1 to 3 carbon-to-carbon double bonds; and 

R 16 , R 17 and R 20 , same or different, are a C 3 -C 24 saturated hydrocarbon chain, straight chain 
or branched; or unsaturated C 3 -Ca4 hydrocarbon chain, straight chain or branched, containing 
1 to 6 carbon-to-carbon double bonds. 

2. The rubber composition in accordance with claim 1 , wherein the ester 
is selected from the group consisting of formula I, E, m, IV, and a combination of any two or 
more of said esters: 

R2-C-0-R 1 q 

wherein R 1 is a C 3 -C 18 alkyl radical, straight chain or branched, saturated or unsaturated 
containing 1 to 3 carbon-to-carbon double bonds; and R 2 is a C 8 -C 18 saturated fatty acid 
residue, or an unsaturated fatty acid residue having 1 to 3 carbon-to-carbon double bonds; 

O O 

II II 
R 4 -0-C-(CH 2 ) n -C-0-R 3 ^ 

wherein n=6-18, and R 3 and R 4 , same or different, are a C 3 -C 18 alkyl radical, straight chain or 
branched, saturated or unsaturated containing 1 to 3 carbon-to-carbon double bonds; 
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3. The rubber composition in accordance with claim 1, wherein the adhesive 
resin is a condensation product of a methylene acceptor and a methylene donor. 

4 The rubber composition in accordance with claim 3, wherein the adhesive 
resin is selected from the group consisting of phenol-formaldehyde, melamine-formaldehyde; 
na phthol-formaldehyde; P olyepoxide;areaction product of triallyl cyanurate,resorcinol, and 
formaldehyde; a reaction product of p-chlorophenol, resorcinol, and formaldehyde; a 
copolymer of styrene, butadiene, and 2-vinylpyridine; and mixtures thereof. 

5. The rubber composition in accordance with claim 4, wherein the phenol- 
formaldehyde resin is resorcinol-formaldehyde. 

6 The rubber composition in accordance with claim 1, wherein the adhesive 
resin is selected from the group consisting of derivatives of melamine, acetoguanamine, 
benzoguanamine, cyclohexylguanamine and glycoluril monomers and oligomers of these 
monomers, which have been substituted on average at two prmore positions on the monomer 

or on each unit of the oligomer with vinyl terminated radicals, the rubber composite bemg 
free of resorcinol. 

7 The rubber composition in accordance with claim 6, wherein at least one of 
the adhesive resins has been further substituted on average at one or more positions with a 
radical which comprises carbamoylmethyl or amidomethyl. 

8. The rubber composition in accordance with claim 6, wherein the adhesive 
resin is selected from compounds of the formula: 
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9. The rubber composition in accordance with claim 8, wherein on average at 
least one R 1 in each monomer or in each oligomerized unit of the adhesive resin is: 

— NH — C(O) — OR 4 

wherein R 4 is as defined in claim 8. 

1 0. The rubber composition in accordance with claim 9, wherein the adhesive 
resin is a compound of the formula 

*\ i TV 



YY 



1_ / \ -tj- 
R R 



wherein P, L and R are as defined in claim 8. 

1 1 . The rubber composition in accordance with claim 1 0, wherein in the adhesive 
resin formulas, on average at least one R radical in each monomer or in each oligomerized 
unit is 

— CH2 — NH — C(O) — OR 4 
wherein R 4 is a Ci-C, 8 alkyl, alicyclic, hydroxyalkyl, alkoxyalkyl or aromatic radical. 

12. The rubber composition in accordance with claim 10, wherein on average at 
least two R radicals are selected from 
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CH 2 ^(CH 3 )-^(0)0-€3H6-O-CH 2 — 
and 

CH 2 =CH2— C(0)0-C 2 H4 -O— CH2— 
and at least one R radical is selected from 

CH 2 — NH — C(O) — O — CH3 
and 

CH 2 — NH — C(O) — O — C3H7 • 

13 ThembbercompositioninaccordancewithclaimS,^ 
additional additive selected from hydroxymethylated and alkoxymethylated (alkoxy having 
1-5 carbon atoms) derivatives of melamine, acetoguanamine, benzoguanamme, 
cyclohexylguanamine and glycoluril and their oligomers. 

14. The rubber composition in accordance with claim 6, wherein the adhesive 
resin is a derivative of melamine or an oligomer of melamine. 

15. The rubber composition in accordance with claim 6, wherein the adhesive 
resin is a derivative of acetoguanamine or an oligomer of acetoguanamine. 

1 6 . The rubber composition in accordance with claim 6, wherein the adhesive 
resin is a derivative of benzoguanamine or an oligomer of benzoguanamine. 

17 Thembbercompositioninaccordancewimclaim6,whereintheadhesive 
resin is a derivative of cyclohexylguanamine or an oligomer of cyclohexylguanamxne. 

18 The rubber composition in accordance with claim 1, wherein the adhesive 
resin is a self-condensing alkylated triazine resin selected from the group consisting of (l ), 
(ii), and (iii): 

(i) a self-condensing alkylated triazine resin having at least one of imino or 
methylol functionality and represented by formula (I) 
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(D 



(ii) an oligomer of (i), or 

(iii) a mixture of (i) and (ii), wherein 

Z is -N^XCHsOR 1 ), aryl having 6 to 10 carbon atoms, alkyl having 1 to 20 carbon 
atoms or an acetyl group, 

each R is independently hydrogen or -CH2OR 1 , and 

each R 1 is independently hydrogen or an alkyl group having 1 to 12 carbon atoms, 
provided that at least one R is hydrogen or -CH 2 OH and at least one R 1 is selected 

from the alkyl group; and 

wherein the rubber composition is substantially free of methylene acceptor 

coreactants. 

19. The rubber composition in accordance with claim 18, wherein at least one R 
group is hydrogen. 

20. The rubber composition in accordance with claim 19, wherein at least one R 1 
group is a lower alkyl group having 1 to 6 carbon atoms. 

21. The rubber composition in accordance with claim 20, wherein the adhesive 
resin is a derivative of melamine, benzoguanamine, cyclohexylguanamine, or 

acetogu an amine, or an oligomer thereof. 

22. The rubber composition in accordance with claim 20, wherein Z is - 
N^XCHaOR 1 ). 



BNSDOCID- «WO 030955S0A1_IB> 



WO 2003/095550 fi 



PCT/US2003/014411 



23 The rubber composition in accordance with claim 4, wherein the phenol- 
fonnaldehyde resin is resorcinol-formaldehyde; and the melamine-formaldehyde resin is N- 
(substituted oxymethyl) melamine-formaldehyde. 

24 The rubber composition in accordance with claim 1 . wherein the ester has the 
formula n and comprises a saturated diester formed by the reaction of sebacic acid and a Cr 
C 24 alcohol, straight chain or branched, saturated or unsaturated containing 1 to 3 carbon-to- 
carbon double bonds. 

25. The rubber composition in accordance with claim 24, wherein the alcohol is 
2-ethylhexyl alcohol, and the ester has the following formula: 

CH 3 

? r i t 

CH 3 -(CH 2 ) 3 -CH-CH 2 -0-C-(CH 2 ) 8 -C-0-CH 2 -CH-(CH 2 ) 3 -CH 3 . 

26 The rubber composition in accordance with claim 1, wherein the ester is an 
unsaturated diester formedbythe reaction ofaC.dimer acid and a C 3 -C 18 alcohol, straight 
chain or branched, saturated or unsaturated containing 1 to 3 carbon-to-carbon double bonds. 

27 . The rubber composition in accordance with claim 26, wherein the alcohol is 2- 
ethylhexyl alcohol. 

28. The rubber composition in accordance with claim 26, wherein the alcohol is 
tridecyl alcohol. 

29. The rubber composition in accordance with claim 26, wherein the alcohol is 
oleyl alcohol. 

30. The rubber composition in accordance with claim 1, wherein the ester 
comprises the following dimer acid reacted with a C 3 -C 24 alcohol: 



BNSDOCID- <WO 03095550A1JB> 



PCT/US2003/014411 

WO 2003/095550 

CH2-CH2-CH2-CH2-CH2-CH2-CH2-COOH 
I . CH 2 -CH 2 -CH 2 -CH2-CH 2 -CH 2 -CH 2 -COOH 



^CH 2 -CH=CH 5 -(CH2)4-CH3 
CH 2 -(CH 2 )4-CH 3 



31. The rubber composition in accordance with claim 1 , wherein the ester 
comprises the following dimer acid reacted with a C3-C24 alcohol: 

CH 2 -CH 2 -CH2-CH2-CH2-CH 2 -CH 2 -COOH 

JL^ch 2 -ch 2 -ch2-ch2-ch2-ch 2 -ch2-cooh 



a 2 -(CH 2 )6-CH3 
CH 2 -(CH 2 )4-CH 3 



32. The rubber composition in accordance with claim 1 , wherein the e 
comprises the following dimer acid reacted with a C 3 -C 2 4 alcohol: 

CH 2 -CH2-CH 2 -CH2-CH2-CH2-CH2-COOH 

[ 2 -CH=CH-(CH 2 ) 4 -COOH 




XH2-CH=CH-(CH 2 )4-CH 3 
CH 2 -(CH 2 )4-CH3 

33. The rubber composition in accordance with claim 1, wherein the ester is the 
1 product of a C 3 -C 24 alcohol with a tricarboxylic acid, having the following formula: 
HOOC-CIi-CIfe^-C^-CIfe-CKfe-CIli C^-C^^-C^-CIfe-CIfe^-COOH 

s C^-C^-Cl^C^-CHj-CHz-C^-COOH 



reaction p 




^CHrCH=CH-(CIJ>4-CI% 
CKb-CC^-CKb £Hr(CIfc)4-CHj 
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34. The rubber composition in accordance with claim 1, wherein the ester is a 
combination of compounds having formula I, II, HI and IV. 

35. The rubber composition in accordance with claim 34, wherein the ester is a 
reaction product of a C 3 -C 24 alcohol straight chain or branched, saturated or unsaturated 
having 1 to 3 carbon-to-carbon double bonds, with a dimer acid having CAS #61788-89-4. 

36. The rubber composition in accordance with claim 35, wherein the alcohol is 2- 
ethylhexyl alcohol. 

37. The rubber composition in accordance with claim 35, wherein the alcohol is a 
tridecyl alcohol. 

38. The rubber composition in accordance with claim 35, wherein the alcohol is 
an oleyl alcohol. 

39. Amethod of increasing the adhesion of arubber composition to apolymer, 
glass, or metal substrate, said rubber composition including a natural or synthetic rubber,, a 
rubber vulcanizing agent, and an adhesive resin, comprising adding to said rubber 
composition, in an amount of about 0.1% to 15% by weight, based on the weight of the 
rubber, an ester having formula I, II, III, IV, or mixtures thereof: 

R2-C-0-R 1 

wherein R 1 is a C 3 -C 24 alkyl radical, straight chain or branched, saturated or unsaturated 
containing 1 to 3 carbon-to-carbon double bonds; R 2 is a C 3 -C 24 saturated fatty acid residue, 
or an unsaturated fatty acid residue having 1 to 6 carbon-to-carbon double bonds; 

0 9 
II « 
R4-0-C-(CH 2 ) n -C-0-R 3 

wherein n=3-24 and R 3 and R 4 , same or different, are a C 3 -C 24 alkyl radical, straight chain or 
branched; 
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7-1-O-R 8 



wherein R 5 and R 7 , same or different, are a C 3 -C 24 hydro carbon chain, straight chai 
branched, either saturated or having 1 to 6 carbon-to-carbon double bonds; 

R 6 and R 8 , same or different, are a C 3 -C 24 alkyl radical, straight chain or branched; 

R 10 and R n , same or different, are a C 3 -C 24 , saturated hydrocarbon chain, straight c 



unsaturated C 3 -C 24 , hydrocarbon chain, straight chain or branched, having 1 



R 20 R 17 

wherein R 12 , R 14 and R 18 , same or different, are a C 3 -C 24 hydrocarbon chain, straight chs 
branched, either saturated or having 1 to 6 carbon-to-carbon double bonds; 

R 13 , R 15 and R 19 , same or different, are C 3 -C 24 alkyl radical, straight chain or branched, 
saturated or unsaturated containing 1 to 3 carbon-to-carbon double bonds; and 

R 16 , R 17 and R 20 , same or different, are C 3 -C 24 saturated hydrocarbon chain, straight chi 
branched; or unsaturated C 3 -C 24 hydrocarbon chain, straight chain or branched, contain 
to 6 carbon-to-carbon double bonds. 



branched; or an unsaturated C 3 -C 24 , 1 
to 6 carbon-to-carbon double bonds; 




40. The method in accordance with claim 39, wherein the substrate is a plurality 
of cords. 
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41. The method in accordance with claim 39, wherein the substrate is a polymeric 
sheet or fabric. 

42. The method in accordance with claim 39, wherein the substrate is metal flat 
stock material. 

43. A cord-reinforced article of manufacture comprising a plurality of cords 
selected from polymeric cords, metal cords, glass cords, and a combination thereof, adhered 
to the rubber composition of claim 1 . 

44. The rubber composition in accordance with claim 1, wherein the R 2 , R 5 , R 7 , 
R 12 , R 14 are fatty acid residues derived from animal or vegetable fatty acids. 

45. The rubber composition in accordance with claim 44, wherein the fatty acids 
are selected from the group consisting of butter; lard; tallow; grease; herring; menhaden; 
pilchard; sardine; babassu; castor, coconut; corn; cottonseed; jojoba; linseed; oiticia; olive; 
palm; palm kernel; peanut; rapeseed; safflower; soya; sunflower; tall; tung; and mixtures 
thereof. 

46. The rubber composition in accordance with claim 45, wherein the fatty acid 
residues are selected from the group consisting of hexanoic; octanoic; decanoic; dodecanoic; 
9-dodecenoic; tetradecanoic; 9-tetradecenoic; hexadecanoic; 9-hexadecenoic; octadecanoic; 
9-octadecenoic; 9-octadecenoic, 12-hydroxy, 9, 12-octadecadienoic; 9, 12, 15- 
octadecatrienoic; 9, 11, 13-octadecatrienoic; 9, 11, 13-octadecatrienoic, 4-oxo; 
octadecatetrenoic; eicosanoic; 11-eicosenoic; eicosadienoic; eicosatrienoic; 5, 8, 11, 14- 
eicosateu-aenoic; eicosapentaenoic; docosanoic; 13-docosenoic; docosatetraenoic; 

4, 8, 12, 15, 19-docosapentaenoic; docosahexaenoic; tetracosenoic; and 4, 8, 12, 15, 18, 21- 
tetracosahexaenoic. 

47. The rubber composition in accordance with claim 1, wherein the ester is a 
combination of compounds having formula II, ffl and IV. 
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48. The rubber composition in accordance with claim 1, wherein the ester has 
formula HI. 

49. The rubber composition in accordance with claim 1, wherein the ester has 
formula IV. 
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STATEMENT UNDER PCT ARTICLE 19(1) 

International Bureau of WIPO 
34, cherain des Colombettes 
1211 Geneva 20, Switzerland 
Facsimile No.: 011-41-22-740-14-35 

Attention: Authorized O fficer Jan Boon 

Ladies and Gentlemen: 

Transmitted herewith are substitute sheets 67, 69, 72-79, and 79/1, 
which have been amended pursuant to Article 1 9 of the Patent Cooperation Treaty. 

According to the amendments, claims 2, 3, 6-22, 24-38, 40-42, 45, and 
46 have been amended and claims 47-49 have been added. Claims 1, 4, 5, 23, 39, 43, 
and 44 remain unchanged by these amendments. The claims have not been 
renumbered. 

Support for the amendments may be found variously throughout the 
application. More specifically, claims 2, 3, 6-22, 24-38, 40-42, 45, and 46 have been 
amended merely to correct typographical errors. 

Support for the added claims 47-49 maybe found variously throughout 
the application. More specifically, support for added claim 47-49 may be found, for 
example, in original claim 1 of the present application. No new matter has been 
added. 
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Entry of the foregoing amendments is earnestly solicited. 

Respectfully submitted, 



November 17, 2003 

By: 



Marshall, Gerstein & Borun LLP 

Richard H. Anderson 
Agent for Applicant 
6300 Sears Tower 
233 S. Wacker Drive 
Chicago, Illinois 60606-6357 
(312)474-6300 



